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TITLE OF THE INVENTION 



MULTICHIP SEMICONDUCTOR DEVICE, CHIP THEREFOR AND 
METHOD OF FORMATION THEREOF 



This is a Continuation-in-Part application of U.S. 
Patent Application No. 08/980,873, filed December 1, 
1997, the entire contents of which are incorporated 
herein by reference. 



The present invention relates to a multichip 
semiconductor device using multiple chips. 



a multichip semiconductor device and a method of 
manufacture thereof . 

Recent computers and communication equipment use 
for their important section a large-scale integrated 
circuit (chip) which has a great number of electronic 
components, such as transistors, resistors, etc., 
integrated into a semiconductor substrate. Thus, the 
performance of the entire equipment depends largely on 
the performance of the chip. 

On the other hand, so-called multichip 
semiconductor devices have proposed, each having a 
plurality of chips to improve the whole performance of 
the equipment. FIGS. 1, 2 and 3 are sectional views of 
conventional multichip semiconductor devices . 

FIG. 1 shows a multichip semiconductor device of a 
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BACKGROUND OF THE INVENTION 



The present invention also relates to a chip for 



type in which a plurality of chips 82 are placed side 
by side on a multilayered interconnection substrate 81, 
Reference numeral 83 denotes a solder bump. 

FIG, 2 shows a multichip semiconductor device of a 
type in which chips are connected together with their 
major surfaces opposed to each other. FIG. 3 shows a 
multichip semiconductor device of a type in which a 
plurality of chips 82 are stacked using stacking 
plates 84. 

However, these conventional multichip semi- 
conductor devices have the following problems . 

In the multichip semiconductor device shown in 
FIG. 1, the plane area of the device increases because 
the chips 82 are arranged in the same plane. 

The conventional semiconductor device of FIG. 2 is 
free of the problem with the device of FIG. 1 that the 
plane area of the device increases . This is because 
the chips 82 are stacked one above another. However, 
the device of FIG. 2 has a problem that the nximber of 
chips that can be stacked is limited to two. In 
addition, it is difficult to electrically test each 
chip. 

The conventional semiconductor device of FIG. 3 
does not suffer from the problems with the conventional 
semiconductor devices of FIGS. 1 and 2. However, its 
structure is complex, its thickness is great, and its 
manufacturing cost is high. This is because a stacking 



plate 84 need to be provided between any two adjacent 
two chip. 

BRIEF SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 
to provide a multichip semiconductor device which has a 
small plane area, a simple structure, and a small 
thickness . 

It is another object of the present invention to 
provide a chip which makes it possible to implement 
such a multichip semiconductor device and to provide a 
method of manufacturing the chip. 

According to a first aspect of the present 
invention, there is provided a ^multichip semiconductor 
device having a stack of chips each having a semi- 
conductor substrate which has a surface on which 
circuit components are formed and an inter layer 
insulating film formed on the surface of the semi- 
conductor substrate, wherein at least one chip of the 
chips has a connect plug formed in a through hole which 
passes through the semiconductor substrate and a part 
of the interlayer insulating film, and the one chip 
having the connect plug is electrically connected with 
a another chip of the chips by the connect plug. 

For excimple, the interlayer insulating film is a 
interlayer insulating film of a first layer covered 
with the circuit component. 

According to a second aspect of the invention. 
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there is provided a multiple semiconductor device 
according to the first aspect, in which the another 
chip has a connect member that electrically connects 
with the connect plug, and the connect member is, for 
5 example, a metal bump. 

According to third aspect of the invention, there 
is provided a multiple semiconductor device according 
to the first aspect, wherein the one chip and the 
another chip are electrically connected with each other 
10 through a packing member. The packing member is an 

interconnecting substrate or TAB tape. 

According to a fourth aspect of the present 
invention, there is provided a chip for use in a 
multichip semiconductor device, comprising: 
15 a semiconductor substrate having a surface on 

which circuit components are formed; 

an interlayer insulating film formed on the 
surface of the semiconductor substrate; and 

a connect plug made of a metal formed in a through 
20 hole that passes through a part of the interlayer 

insulating film and the semiconductor substrate and 
adapted to provide an electrical connection for another 
chip. 

According to a fifth aspect of the invention, 
25 there is provided a chip according to the fourth aspect, 

wherein the connect plug comprises a metal plug formed 
in the through hole and an insulating film formed 
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between the metal plug and a sidewall of the through 
hole. 

According to a sixth aspect of the present 
invention, there is provided a chip according to the 
5 fourth aspect, wherein the connect plug comprises a 

metal plug formed in the through hole and having a 
cavity, an insulating film formed between the metal 
plug and a sidewall of the through hole, and a low 
stress film formed in the cavity of the metal plug, the 

10 low stress film being smaller than the metal plug in 

the difference in thermal expansion coefficient from 
the semiconductor substrate. 

According to a seventh aspect of this invention, 
there is provided a chip according to the fourth aspect, 

15 wherein the connect plug comprises a metal plug formed 

in the through hole so that a space is left in the 
through hole on the top side of the semiconductor 
substrate, an insulating film formed between the metal 
plug and the sidewall of the through hole, and a cap 

20 layer formed in the space in the through hole. 

According to an eighth aspect of the invention, 
there is provided a chip according to the fourth aspect, 
wherein the connect plug comprises a metal plug formed 
in the through hole so that a space is left in the 

25 through hole on the rear side of the semiconductor 

substrate, an insulating film formed between the metal 
plug and a sidewall of the through hole, and a connect 



member formed in the space in the through hole . 

The rear side of the semiconductor substrate on 
the connect member side is preferably coated with an 
insulating film except the area of the connect member. 

According to a ninth aspect of the present 
invention^ there is provided a method of forming a chip 
for use in a multichip semiconductor device, comprising 
the steps of: 

forming circuit components on a surface of 
semiconductor substrate; 

forming an interlayer insulating film over the 
major surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
passes through the interlayer insulating film but not 
the semiconductor substrate; 

forming an insulating film on the sidewall and 
bottom of the hole to a thickness that does not fill up 
the hole; 

filling the hole covered with the insulating film 
with a metal to form a metal plug; and 

processing a rear side of the semiconductor 
substrate to thereby expose the metal plug at the 
bottom of the hole. 

According to a tenth aspect of the invention, 
there is provided a method according to the ninth 
aspect, wherein the hole is formed prior to the 
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formation of an interconnection layer which, of 
interconnection layers to be formed above the 
semiconductor substrate, has the lowest melting point. 
According to an eleventh aspect of the present 
5 invention, there is provided a method according to the 

ninth aspect, in which the step of processing the rear 
side of the semiconductor substrate is performed after 
the semiconductor substrate has been cut out from a 
wafer . 

10 According to a twelfth aspect of the present 

invention, there is provided a method of forming a chip 
for use in a multichip semiconductor device, comprising 
the steps of : 

manufacturing circuit components on a surface of 

15 semiconductor substrate using integrated-circuit 

techniques ; 

forming an interlayer insulating film on the 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
20 and the semiconductor substrate to form a hole that 

passes through the interlayer insulating film but not 
the semiconductor substrate; 

forming a first insulating film on a sidewall and 
bottom of the hole to a thickness that does not fill up 
25 the hole; 

filling the hole with a second insulating film 
which has a higher etch rate than the first insulating 
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film; 

forming a contact hole in the interlayer 
insulating film and forming an interconnection layer 
that connects with the circuit components through the 
5 contact hole; 

processing a rear side of the semiconductor 
substrate and the first insulating film in the hole to 
expose the second insulating film at the bottom of the 
hole; 

10 etching away the second insulating film in the 

hole; and 

filling the hole covered with the first insulating 
film with a metal to form a metal plug. 

According to a thirteenth aspect of the invention^ 
15 there is provided a method according to the twelfth 

aspect, in which the rear side of the semiconductor 
substrate is processed after the semiconductor 
substrate has been cut out from a wafer. 

According to a fourteenth aspect of the present 
2 0 invention, there is provided a method of forming a chip 

for use in a multichip semiconductor device, comprising 
the steps of: 

manufacturing circuit components on a semi- 
conductor substrate using integrated-circuit 
25 techniques; 

forming an interlayer insulating film over a 
surface of the semiconductor substrate; 
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selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
passes through the interlayer insulating film but not 
the semiconductor substrate; 
5 forming a first insulating film on a sidewall and 

bottom of the hole to a thickness that does not fill up 
the hole; 

filling the hole covered with the first insulating 
film with a metal to form a metal plug; 
10 process a rear side of the semiconductor substrate 

to expose the first insulating film at the bottom of 
the hole; 

selectively etching the rear side of the 
semiconductor substrate until the first insulating film 
15 on the sidewall of the hole which is above the first 

insulating film at the bottom of the hole is exposed; 

forming a second insulating film over the entire 
rear side of the semiconductor substrate; and 

etching the first and second insulating films 
2 0 until the metal plug at the bottom of the hole is 

exposed^ thereby selectively remaining the second 
insulating film on the rear side of the semiconductor 
substrate in the side of the bottom of the hole. 

According to a fifteenth aspect of this invention, 
2 5 there is provided a method according to the fourteenth 

aspect, in which the hole is formed prior to the 
formation of an interconnection layer which, of 
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interconnection layers to be formed above the 
semiconductor substrate, has the lowest melting point. 

According to a sixteenth aspect of the invention, 
there is provided a method according to the fourteenth 
5 aspect, in which the step of processing the rear side 

of the semiconductor substrate is performed after the 
semiconductor substrate has been cut out from a wafer. 

According to a seventeenth aspect of the invention, 
there is provided a semiconductor chip for use in a 
10 multichip semiconductor device comprising: 

a semiconductor substrate formed on a circuit 
components ; 

a first interlayer insulating film formed on the 
semiconductor substrate ; 
15 a second insulating film formed on a sidewall of a 

through hole that passes through the first insulating 
film and the semiconductor substrate; 

a metal plug that fills up the through hole; 

a second interlayer insulating film formed on the 
20 first interlayer insulating film; 

an interconnection layer formed on the metal plug; 

a plug formed on the interconnection layer; and 

a connect member formed on the plug to provide an 
electrical connection for another chip. 
25 Unlike the conventional multichip semiconductor 

device in which a plurality of chips are arranged side 
by side, the present invention in which a plurality of 
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chips are stacked has no problem that the plane area of 
the device increases . 

Moreover, unlike the conventional multichip 
semiconductor device in which two chips are connected 
5 together with their major surfaces opposed to each 

other, the multichip semiconductor device of the 
present invention has no problem that the number of 
chips to be stacked is limited to two because the chips 
are connected together by means of the metal plugs that 
10 pass through the silicon substrate and the first 

interlayer insulating film. 

Furthermore, unlike the conventional semiconductor 
device in which chips are stacked with the aid of 
stacking plates, the semiconductor device of the 
15 present invention has no problems of complexity of the 

structure and increased thickness because no stacking 
plate is used to connect the chips together. 

The present invention can therefore provide a 
multichip semiconductor device which has a small plane 
20 area, a simple structure, and a small thickness. 

A chip for use in a multichip semiconductor device 
of the present invention has a connect plug that is 
formed in a through hole that passes through the 
semiconductor substrate and the interlayer insulating 
25 film and adapted to provide an electrical connection 

for another chip. 

Therefore, the semiconductor device using such a 



chip has a small plane area, a simple structure, and a 
small thickness. 

The connect plug has also the effect of radiating 
heat of the chip. By putting a probe to the connect 
plug from the rear side of the chip, the device or chip 
can be tested. 

In the present invention, the hole that passes 
through the semiconductor substrate and the interlayer 
insulating film is not formed immediately. This is 
because semiconductor substrates are generally not so 
thin as to allow the through hole to be formed 
immediately . 

That is, in the present invention, a hole is 
formed first which passes through the interlayer 
insulating film but not the semiconductor substrate and 
then a metal film, serving as the connect plug, is 
formed in the hole with an insulating film interposed 
therebetween . 

Following such processes, the rear side of the 
semiconductor substrate and the insulating film are 
processed until the metal film at the bottom of the 
hole is exposed, whereby the through hole that passes 
through the semiconductor substrate and the insulating 
film is formed. Thus, even if the starting 
semiconductor substrate is thick, the through hole can 
be formed easily. 

In the present invention, the contact hole is 
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formed in the interlayer insulating film in the state 
where the hole is filled with the second insulating 
film having a higher etch rate than the first 
insulating film and the interconnection layer is formed 
5 which connects with the circuit components through the 

contact hole. After that, the second insulating film 
is selectively etched away to form the metal film in 
the hole. Thus, the metal film will not be affected by 
heat treatment for forming the interconnection layer. 

10 This prevents the degradation of characteristics 

of the chip due to ingredients of the metal film 
diffusing into the semiconductor substrate. Unlike the 
case where a diffusion preventing structure, such as a 
barrier, is formed so as to prevent the diffusion of 

15 the ingredients of the metal film, there is no need for 

complicated processes. 

According to the present invention, the through 
hole can be formed easily and the exposed surface of 
the semiconductor substrate on the hole bottom side is 

2 0 coated easily with the second insulating film. 

The processing of the rear side of the 
semiconductor substrate by polishing or etching is 
preferably performed after the chip has been cut out 
from a wafer. The reason is that it is difficult to 

25 uniformly process the wafer, which is generally large 

and exhibits low mechanical strength. 

According to an 18th aspect of the invention, 
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there is provided a multichip semiconductor device 
comprising: 

chips each having a semiconductor substrate on 
which devices are integrally formed; and 
5 a connecting substrate provided between adjacent 

two of the chips which are vertically arranged, 

wherein the vertically adjacent two chips are 
electrically connected via the connecting substrate, a 
through-hole is formed in at least one of the 
10 semiconductor substrates, arid a conductive plug is 

formed in the through-hole and connected to the 
connecting substrate . 

The through-hole may be provided in either or both 
of the semiconductor substrates of the two chips. 
15 According to a 19th aspect of the invention, a 

material of the connecting substrate has higher 
radiation properties than a material of each chip, 

Specifically, in the case of a Si chip, the 
connecting substrate is formed of an insulating 
20 material such as SiC. 

According to 20th aspect of the invention, the 
connecting substrate comprises: 

a connecting substrate body having the conductive 
plug formed in the through-hole passing through the 
25 connecting substrate; and 

a high-thermal-conductivity member having a higher 
thermal conductivity than the connecting substrate body. 
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Specifically, where the connecting substrate is 
formed of an insulating material such as SiC, the high- 
thermal-conductivity member is formed of a metallic 
material such as W or Cu. 
5 According to a 21st aspect of the invention, the 

high-thermal-conductivity member is a conductive plate 
formed within the connecting substrate body. 

In this case, a conductive plate may be provided 
on the surface of the connecting substrate. In 
10 addition, the conductive plate may be provided both 

within the connecting substrate and on the surface of 
the connecting substrate. 

According to a 22nd aspect of the invention, the 
high-thermal-conductivity member is a radiation fin 
15 provided on a surface of the connecting substrate body. 

The radiation fin may be provided on each of all 
the connecting substrates, or only on a specific 
connecting substrate, e.g. a connecting substrate with 
low radiation properties. 
20 According to a 2 3rd aspect of the invention, there 

is provided a multichip semiconductor device 
comprising: 

chips each having a semiconductor substrate on 
which devices are integrally formed; and 
25 a connecting substrate provided between adjacent 

two of the chips which are vertically arranged, 

wherein a through-hole is formed in the connecting 
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substrate, and a conductive plug is formed in the 
through-hole , 

each of the vertically adjacent two chips is 
electrically connected to the conductive plug via bumps, 
and 

the connecting substrate has heating units for 
heating the bumps . 

According to a 24th aspect of the invention, there 
is provided a multichip semiconductor device 
comprising: 

chips each having a semiconductor substrate on 
which devices are integrally formed; and 

a connecting substrate provided between adjacent 
two of the chips which are vertically arranged, 

wherein a through-hole is formed in the connecting 
substrate, and a conductive plug is formed in the 
through-hole , 

the vertically adjacent two chips are electrically 
connected to each other via the conductive plug, and 

the connecting substrate is formed of a material 
having a theirmal expansivity substantially equal to a 
thermal expansivity of each semiconductor substrate. 

The advantages of the above-described aspects of 
the invention will now be described. 

According to the 18th aspect of the invention, 
since a plurality of chips are stacked, the area in 
plan of the device can be reduced, unlike the 
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conventional multichip semiconductor device in which a 
plurality of chips are arranged in a plane. 

In addition^ the chip in which conductive plug is 
formed may be situated at the top or bottom of the 
5 device and thus the test probes can easily be put in 

contact with the conductive plug. Therefore, 
inspections of the device can easily be performed. 

According to the 2 0th to 22nd of the invention, 
the connecting substrate has a sufficiently higher 

10 radiation properties than the chip and the heat of the 

chip can be efficiently radiated to the outside through 
the connecting substrates. Since the radiation 
properties of the device are thus improved, deteriora- 
tion in operational characteristics of the chip and a 

15 decrease in life of the chip due to the heat produced 

in operation of the chip can be prevented. 

According to the 2 3rd aspect of the invention, the 
bumps connected to a defective chip are melted by 
heater units of the connecting substrate, and the 

20 defective chip can be separated from connecting 

substrate. Therefore, the repairs of the chip can 
easily be made. In particular, where the heating units 
of each connecting substrate can be independently 
controlled, the repairs of the chip can be made more 

25 easily. 

According to the 24th aspect of the invention, 
since the thermal expansivity of the material of the 
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connecting substrate is substantially equal to that of 
the material of the semiconductor substrate, there is 
no need to use the adhesive including the filler in 
order to make their thermal expansivities close to each 
5 other* 

Accordingly, even if the integration density of 
the chip further increases and the distance between the 
connecting substrate and the semiconductor substrate 
further decreases, there occurs no region which is not 

10 filled with the adhesive. Therefore, reliable 

connection between the chip and the connecting 
substrate is ensured, and thus reliable connection 
between the upper and lower chips is ensured. 

In the case where the thermal expansivity of the 

15 material of the connecting substrate is nearly equal to 

that of the material of the semiconductor substrate, no 
thermal strain occurs in the bumps even if the bumps 
are used to connect the connecting substrate and 
semiconductor substrate . 

20 Accordingly, even if the integration density of 

the chip further increases and the distance between the 
chip and the connecting substrate further decreases, 
reliable connection between the connecting substrate 
and the semiconductor substrate is ensured, and thus 

25 reliable connection between the upper and lower chips 

is ensured. 

FIG. 35 is a table showing the thermal 



conductivity and linear expansivity of principal 
materials of the semiconductor substrate used for chips 
and the connecting substrate. 

In the present invention, if Si is used as 
material of the semiconductor substrate. Si is optimal 
as material of the connecting substrate with respect to 
thermal strain, but silicon carbide (SiC) or aluminum 
nitride (AlN) having substantially the same linear 
expansivity as Si may also be used. Since SiC and AlN 
have a higher thermal conductivity than Si, these are 
excellent with respect to radiation properties, too. 

If the semiconductor substrate used for the chip 
is formed of a compound semiconductor, e.g. gallium 
arsenic such materials as GclAs, beryllia (BeO) 
and alumina (AI2O3) are proper for the connecting 
substrate . 

A tolerable difference in theirmal expansivity 
depends on the size and pitch of the connection 
terminals (pads) and the size of the connecting 
substrate. In order to ensure reliable connection 
between the chips, which is aimed at by the invention, 
it is preferable that the difference between the 
thermal expansivity of the material of the connecting 
substrate and the thermal expansivity of the material 
of the semiconductor substrate is within ±5.0x10"^. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 



in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrximentalities and 
combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 
given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 shows a conventional multichip semi- 
conductor device; 

FIG. 2 shows a conventional multichip semi- 
conductor device; 

FIG. 3 shows a conventional multichip semi- 
conductor device; 

FIG. 4 is a sectional view of a multichip semi- 
conductor device according to a first embodiment of the 
present invention ; 

FIG. 5 is a sectional view of a multichip 
semiconductor device according to a second embodiment 
of the present invention; 

FIG. 6 is a sectional view of a multichip 
semiconductor device according to a third embodiment of 
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the present invention; 

FIGS. 7A through 71 are sectional views 
illustrating a method of forming a chip for a multichip 
semiconductor device according to a fourth embodiment 
of the present invention; 

FIG, 8 is a sectional view of a multilayer 
interconnection in a region where a through hole is 
formed; 

FIG, 9 is a sectional view of a multilayer 
interconnection in a device region; 

FIGS. lOA through lOD are sectional views of metal 
plugs ; 

FIGS. IIA through IID are sectional views 
illustrating another method of forming a through hole; 

FIGS. 12A, 12B and 12C are sectional views 
illustrating other methods of forming a metal plug; 

FIGS. 13A^ 13B and 13C are sectional views 
illustrating still another method of forming a metal 
plug; 

FIGS. 14A, 14B, 14C and 14D are sectional views 
illustrating another method of forming a connect plug; 

FIG. 15 is a sectional view illustrating another 
structure for connecting chips; 

FIGS. 16A through 16F are sectional views 
illustrating still another method of forming a connect 
plug; 

FIGS. 17A and 17B are sectional views illustrating 



a method of forming a chip for a multichip 
semiconductor device according to a fifth embodiment of 
the present invention; 

FIG. 18 is a sectional view of a multichip 
semiconductor device according to a sixth embodiment of 
the present invention; 

FIG. 19A is a sectional view of a multichip 
semiconductor device according to a seventh embodiment 
of the present invention; 

FIG. 19B is an enlarged view of a portion of the 
semiconductor device of FIG. 19A; 

FIG. 20 is a sectional view of a multichip 
semiconductor device according to an eighth embodiment 
of the present invention; 

FIG. 21 is a sectional view of a multichip 
semiconductor device according to a ninth embodiment of 
the present invention; 

FIG. 22 is a diagram for use in explanation of a 
conventional multichip semiconductor device using a TAB 
tape; 

FIGS. 23A through 23F are sectional views 
illustrating a method of manufacturing a multichip 
semiconductor device according to a tenth embodiment of 
the present invention; 

FIG. 24 is a sectional view illustrating a method 
of manufacturing a multichip semiconductor device 
according to an tenth embodiment of the present 
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invention; 

FIG. 25 is a sectional view of a multichip 
semiconductor device according to an eleventh 
embodiment of the present invention; 
5 FIG. 26 is a sectional view of a multichip 

semiconductor device according to a 12th embodiment of 
the present invention; 

FIG. 2 7 is a plan view showing a connecting 
substrate of the multichip semiconductor device shown 
10 in FIG. 26; 

FIGS. 2 8A and 2 8B show repairing of the multichip 
semiconductor device of FIG. 26; 

FIG. 29 is a sectional view of a multichip 
semiconductor device according to a 13th embodiment of 
15 the present invention; 

FIG. 30 is a sectional view of a multichip 
semiconductor device according to a 14th embodiment of 
the present invention; 

FIG. 31 is a sectional view of a multichip 
20 semiconductor device according to a 15th embodiment of 

the present invention; 

FIG. 32 is a sectional view of a multichip 
semiconductor device according to a 16th embodiment of 
the present invention; 
25 FIG. 33 is a sectional view of a multichip 

semiconductor device according to a 17th embodiment of 
the present invention; 
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FIGS. 34A through 34H are sectional views 
illustrating a method of forming the multichip 
semiconductor device shown in FIG. 33; and 

FIG. 35 is a table showing coefficients of thermal 
5 conductivity and linear expansivities of principal 

materials of semiconductor substrates for chips and 
connecting substrates. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, the preferred embodiments of the 
10 present invention will be described with reference to 

the accompanying drawings . 
(First Embodiment) 

Referring now to FIG. 4, there is illustrated in 
section a multichip semiconductor device according to a 

15 first embodiment of the present invention. 

This multichip semiconductor device is constructed 
such that three chips la, lb and Ic are stacked. Each 
chip is constructed roughly from a silicon substrate 2 
into which circuit devices or components are integrated, 

20 a multilevel interconnection layer 3 for inter- 

connecting the circuit devices in a predetermined 
relationship, and connect plugs (each with a metal plug 
4 and an insulating film 5) formed in through holes 
that are formed in the silicon substrate 2 and the 

25 first insulating film in the multilevel interconnection 

layer 3 and adapted to electrically connect it with 
another chip . 
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The multilevel interconnection layer 3 comprises 
a first interlayer insulating film that covers the 
circuit devices, a first interconnection layer that is 
connected with circuit devices through contact holes 
(first contact holes) formed in the first interlayer 
insulating film, a second interlayer insulating film 
formed over the first interlayer insulating film to 
cover the first interconnection layer, and a second 
interconnection layer connected with the first 
interconnection layer through via holes (second contact 
holes) formed in the second interlayer insulating film. 
The multilevel interconnection layer may comprise three 
or more layers . 

The metal plug 4 is formed outside the device 
formed region. The insulating film 5 is formed between 
the metal plug 4 and the silicon substrate 2 and 
between the metal plug and the first interlayer 
insulating film, that is, between the metal plug and 
the through hole. The insulating film 5 and the metal 
plug 4 form a connect plug. 

The multilevel interconnection layer 3 of each 
chip is formed on top with pads 6. The opposite side 
of the silicon substrate 2 of each chip from the pads 6 
is covered with an insulating film 7 except the connect 
plug areas . 

The metal plugs 4 of the chip la electrically 
connect through solder bumps 8 with the pads 5 formed 



on the multilevel interconnection layer 3 of the chip 
lb, thus allowing the chips la and lb to be electri- 
cally connected to each other. Other bumps than solder 
bumps may be used. 

Likewise, the metal plugs 4 of the chip lb 
electrically connect through solder bumps 8 with the 
pads 6 formed on the multilevel interconnection layer 3 
of the chip Ic, thus allowing the chips lb and Ic to be 
electrically connected with each other. In this manner, 
the chips la, lb and Ic are electrically connected with 
one another . 

Unlike the conventional multichip semiconductor 
device in which multiple chips are placed on the same 
plane, the multichip semiconductor device of this 
embodiment has no problem that the plane area of the 
device increases because the chips la, lb and Ic are 
stacked. 

Moreover, unlike the conventional multichip 
semiconductor device in which two chips are connected 
together with their major surfaces opposed to each 
other, the multichip semiconductor device of FIG. 4 has 
no problem that the number of chips to be stacked is 
limited to two because the chips are connected together 
by means of the metal plugs 4 that pass through the 
silicon substrate 2 and the first interlayer insulating 
film. 

Furthermore, unlike the conventional semiconductor 
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device in which chips are stacked with the aid of 
plates, the semiconductor device of FIG- 4 has no 
problems of complexity of the structure and increased 
thickness because no plate is used to stack the chips. 
5 In addition, the metal plugs 4 has the effect of 

disposing of unwanted heat. 

Further, according to the semiconductor device of 
FIG. 4, signal delays due to the RC resistance of 
interconnections between each chip can be prevented 

10 because the chips are electrically connected by means 

of the metal plugs formed in the through holes that 
pass through the silicon substrate 2 and a part of the 
first interlayer insulating film. 

In addition, according to the semiconductor device 

15 of FIG. 4, crosstalk (noise) can be reduced because the 

chips are electrically connected by means of the metal 
plugs. Thus, the semiconductor device of FIG. 4 can be 
advantageously applied to devices with high speed 
operation and low power dissipation requirements, 

20 According to the present embodiment, therefore, a 

multichip semiconductor device can be provided which is 
small in area, simple in structure, small in thickness, 
and exhibits good heat radiation. 

Although the embodiment has been described as 

25 comprising three chips, four or more chips can be 

connected in the same way. Not every chip having the 
metal plugs 4 need be connected with its neighbor by 



means of the plugs . That is, one or more of the chips 
may be formed with metal plugs only for the purpose of 
heat radiation . 

(Second Embodiment) 

FIG. 5 is a sectional view of a multichip 
semiconductor device according to a second embodiment 
of the present invention. In this figure, like 
reference numerals are used to denote corresponding 
parts to those in FIG. 4 and their detailed 
descriptions are omitted. 

This embodiment is designed such that only the 
center chip lb has connect plugs (metal plug 4 and 
insulating film 5). 

Pads 6 formed in the multilevel interconnection 
layer 3 of the chip la are electrically connected 
through solder bumps 8 with pads 6 formed in the 
multilevel interconnection layer 3 of the chip lb, 
allowing the chips la and lb to be electrically 
connected with each other. 

Metal plugs 4 of the chip lb are electrically 
connected through solder bumps 8 with pads 6 formed in 
the multilevel interconnection layer 3 of the chip Ic . 
In this manner, the chips la, lb and Ic are 
electrically connected with one another. 

The second embodiment provides the same advantages 
as the first embodiment. However, the chips can be 
stacked in number up to three because only the center 
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chip lb is formed with the connect plugs. Nevertheless, 
this embodiment is advantageous in cost because only 
one chip is required to have the connect plugs . 
(Third Embodiment) 
5 FIG. 6 is a sectional view of a multichip 

semiconductor device according to a third embodiment of 
the present invention. In this figure, like reference 
nixmerals are used to denote corresponding parts to 
those in FIG. 4 and their detailed descriptions are 

10 omitted. 

In this embodiment, two chips la and lb are 
connected together with an interconnecting substrate 9 
made of a ceramic interposed therebetween. 

The pads 6 formed in the multilevel inter- 

15 connection layer 3 of the chip la are electrically 

connected through the solder bumps 8 with the pads 6 
formed on the interconnecting substrate 9, The pads 6 
formed on the rear side of the interconnecting 
substrate 9 each of which is electrically connected 

20 with a respective one of the pads on the top side of 

the substrate are electrically connected with the pads 
6 formed in the multilevel interconnection layer 3 of 
the chip lb. Thus, the chips la and lb are electri- 
cally connected with each other. 

25 The third embodiment also provides the same 

advantages as the first embodiment. The third 
embodiment permits the device to be tested by putting a 
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probe to the pads 6 formed in the multilevel inter- 
connection layer 3 of the chip lb. 

In contrast, with such a structure as shown in 
FIG, 5 in which a chip formed with metal plugs is 
5 interposed between other chips, such testing cannot be 

made . 

(Fourth Embodiment) 

FIGS. 7A through 71 are sectional views in the 
order of steps of a method of forming a multichip 

10 semiconductor device according to a fourth embodiment 

of the present invention. 

First, as shown in FIG- 7A, a silicon substrate 10 
is prepared. The silicon substrate has circuit 
components already formed therein and hence its major 

15 surface is covered with a first interlayer insulating 

film 11. The insulating film is made of a material 
which, like silicon nitride, has high etch selectivity 
to silicon dioxide (Si02)- 

Next, as shown in FIG. 7B, a mask pattern 12 of 

20 silicon dioxide is formed over the first interlayer 

insulating film 11 to a thickness of 1 ^m. By using 
the mask pattern 12 as a mask, the first interlayer 
insulating film 11 and the silicon substrate 10 are 
then etched by means of RIE using an etching gas 

2 5 containing a fluorine (F) -based gas, thereby forming a 

hole 13 that passes through the first interlayer 
insulating film 11 but not the silicon substrate 10. 



31 



After that, annealing is preferably performed so 
as to recover from defects in the silicon substrate 10 
which have been produced in forming the hole 13, 

The depth of the hole in the silicon substrate 10 
5 is 100 J2m. The overall depth of the hole is the sum of 

100 /xm and the thickness of the first interlayer 
insulating film 11- The hole 13 eventually becomes a 
through hole. 

The hole 13 can be formed by first etching the 
10 silicon substrate 10 by means of RIE to form a hole, 

and then forming the first interlayer insulating film 
11 and etching the first interlayer insulating film or 
the insulating film and the silicon substrate 10 by 
means of RIE. 

15 In this case, as a mask pattern used in etching 

the silicon substrate for the first time, a material, 
such as Si02/ Al, or AI2O3, may be u^ed. 

The processing technique of forming the hole 13 
(through hole) is not limited to RIE. For excunple, 

20 photoetching, wet etching, ultrasonic machining or 

electric discharge machining can be used. In addition, 
these processing techniques may be suitably used in 
combination. A method in which wet etching is coinbined 
with RIE or photoetching will be described later. 

25 Next, as shown in FIG. 7C, an Si02 film of 100 nm 

in thickness and an Si3N4 film of 100 nm in thickness 
are sequentially deposited over the entire surface by 



means of LPCVD to form an insulating film (first 
insulating film) 14 of Si02/Si3N4. Instead of the 
miiltilayered insulating film 14, a single layer of 
insulating film may be used. 

Next, as shown in FIG. ID, a metal film 15 is 
formed over the entire surface to such a thickness that 
the hole 13 is filled with the metal film serving as a 
metal plug. 

Excunples of materials of the metal film 15 include 
tungsten (W) , molybdenum (Mo), nickel (Ni), titanium 
(Ti) , and their metal silicides. Examples of methods 
of forming the metal film include CVD, sputtering, and 
plating . 

Next, as sho\m in FIG. 7E, the metal film 15 and 
the insulating film 14 are removed by means of CMP, 
etchback, or the like until the surface of the first 
interlayer insulating film 11 is exposed. 

As a result, a structure is formed in which the 
metal film (metal plug) 15 has been buried in the hole 
13. Such a structure can be formed by another method, 
which will be described later with reference to 
FIGS. 16A through 16F. 

Next, as shown in FIG. 7F, a multilevel 
interconnection structure 16 is formed over the silicon 
substrate 10 which forms a multilevel interconnection 
layer with the first interlayer insulating film 11. 
The multilevel interconnection structure 16 is formed 
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of a metal interconnect layer^ an interlayer insulating 
film, a plug, etc. After that, a groove is formed in 
the surface of the multilevel interconnection layer 16 
and a pad 17 is then formed in that groove. 
5 FIG. 8 shows the structure of the multilevel 

interconnection layer in the vicinity of the hole 13, 
and FIG. 9 shows the structure of the multilevel 
interconnection layer in the device region. 

As shown in FIG. 9, MOS transistors are formed in 

10 the device region. In FIGS. 8 and 9, 11a denotes a 

second interlayer insulating film, lib a third 
interlayer insulating film, 11c a fourth interlayer 
insulating film, lln an nth interlayer insulating film, 
19a and 20a a first metal interconnection, 19b and 20b 

15 a second metal interconnection, and 20c a third metal 

interconnection . 

Next, as shown in FIG. 7G, a portion of the 
silicon substrate 10 is stripped off (removed) from its 
rear side opposite to the surface in which the hole 13 

2 0 is formed until the insulating film at the bottom of 

the hole 13 is exposed. 

Making the silicon substrate 10 thinner can be 
accomplished by the use of CMP, chemical polishing, 
mechanical polishing, wet etching, plasma etching, 

25 gas etching, or a combination thereof. Among these 

techniques, CMP is the most typical and preferably used. 
The step in FIG. 7G is preferably performed under 
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the conditions that high selectivity is attained 
between the silicon substrate 10 and the insulating 
film 14. Under such conditions, the processing will be 
terminated automatically at the insulating film 14. 
5 Next, as shown in FIG. 7H, the rear side of the 

silicon substrate 10 is selectively etched until a 
portion of the insulating film 14 which is formed on 
the sidewall of the hole 13 and located above the 
insulating film at the bottom of the hole is exposed. 

10 This process is performed by means of either wet 

etching or dry etching such CDE or RIE . Instead of 
etching, CMP may be used. 

After that, the damaged layer produced by the 
etching or CMP is removed by wet etching by way of 

15 excimple. This removing process is not required when no 

damage occurs . The reason it is removed is that the 
damaged layer adversely affects the formation of an 
Si02 film 18 in the subsequent step. 

Next, the Si02 film 18 (second insulating film) is 

20 formed over the entire surface of the rear side of the 

silicon substrate 10 by means of plasma CVD. 

Where a low- temperature process is required, a 
coating of SOG or the like is preferably used instead 
of the Si02 film 18. In order to reduce the stress to 

25 which the silicon substrate is subject, an organic film, 

such as a polyimide film, is preferably used instead of 
the Si02 film 18. 
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Next, as shown in FIG. 71, the Si02 film 18 and 
the interlayer insulating film 14 are polished by means 
of CMP until the metal plug 15 is exposed. 

As a result, a structure is completed in which a 
connect plug consisting of the insulating film 14 and 
the metal plug 15 is buried in the through hole (the 
hole 13) and the rear side of the silicon substrate 10 
is covered with the Si02 film 18. 

As described above, according to the first 
embodiment of the present invention, by forming a hole 
13 in the silicon substrate 10 and then polishing the 
rear side of the silicon substrate so as to allow the 
hole to pass through the substrate, a structure is 
formed in which a connect plug (insulating film 14 and 
metal plug 15) is buried in the through hole (hole 13). 

Accordingly, such a structure can be formed 
readily because there is no. need of forming a through 
hole even if the original silicon substrate is thick 
(normally it is thick) . 

Unlike a method which forms a through hole by 
etching a thick silicon substrate from its rear side as 
well, the method of this embodiment has no requirement 
of photolithography that needs accurate registration of 
front and rear patterns with each other. Thus, the 
connect plug forming process becomes simpler and 
requires less steps. 

Where there is no need of covering the rear side 
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of the silicon substrate with the Si02 film 18, the 
step of FIG* 7G to polish the silicon substrate 10 and 
the interlayer insulating film 14 is continued until 
the metal plug 15 is exposed. This also results in the 
5 structure in which the connect plug is buried in the 

through hole. 

The polishing of the silicon substrate 10 is 
preferably performed after it has been cut out from a 
wafer. This is because it is difficult to polish 

10 uniformly the wafer, which is generally large and 

exhibits low mechanical strength. 

The hole 13 and the metal plug 15 are formed prior 
to the formation of metal interconnections. Thus, the 
metal interconnections are not affected by heat 

15 treatment for forming the metal plug. Further, the 

metal interconnections are not affected by annealing 
for recovery from defects which is performed after the 
formation of the hole 13. 

This allows the metal plug 15 to be formed of 

20 conductive paste of low resistance such as gold (its 

sintering temperature is about 500°C) when aluminum (its 
melting point is 660'^C) is used for the metal inter- 
connections . 

The metal plug is formed after the formation 

25 of circuit devices. Thus, degradation of device 

characteristics due to diffusion of the metal forming 
the metal plug can be prevented. 
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That is, when the circuit devices are formed after 
the metal plug has been formed, the heat treatment 
necessary to form the circuit devices causes the metal 
to diffuse into the device regions, thereby degrading 
5 the device characteristics. 

FIGS. lOA through lOD are sectional views of 
variously structured connect plugs. These sectional 
views correspond to the step of FIG. 7F. In these 
figures, 19 denotes a metal interconnection. 
10 FIG. lOA shows a connect plug according to the 

present embodiment . 

FIG. lOB shows a connect plug which has a low 
stress film 18 formed therein. 

That is, with this connect plug, the metal plug 15 
15 is formed so that an unfilled region is formed in the 

through hole. In the unfilled region is formed the low 
stress film 18 which is smaller than the metal plug 15 
in the difference in thermal expansion coefficient from 
the semiconductor substrate 10a, thereby filling up the 
20 through hole. 

The low stress film 18 may be either an insulating 
film, a semiconductor film, or a metal film. To be 
specific, the film 18 may be a conductive paste film, a 
FOX film, an SOG film, or an Si02 film formed by HDP 
25 (High Density Plasma)-CVD. 

The use of such a connect plug can prevent 
degradation of device characteristics due to defects in 
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the silicon substrate 10 caused by a large stress 
imposed on the connect plug formed region. 

FIG. IOC shows a connect plug having a cap metal 
film 45. 

5 That is, the metal plug 15 is not formed so as to 

fill up the through hole. The metal film 15 is formed 
on the top surface of the metal plug 15, thereby 
filling up the through hole. 

FIG. lOD shows a connect plug which uses a cap 
10 insulating film 46 instead of the cap metal film 45 of 

FIG. IOC. 

By forming such a cap metal film 45 or a cap 
insulating film 46, the surface of the metal plug 15 is 
made flat, allowing the fine metal interconnect line 19 
15 to be formed readily above the metal plug 15. 

The use of the cap insulating film 46 that can be 
formed at low temperature can avoid such a disadvantage 
as the surface of the metal plug 15 is oxidized in post 
steps . 

20 FIGS. IIA through IID are sectional views in the 

order of steps of forming the hole 13 in accordance 
with another method. This method combines RIE or 
photoetching with wet etching. 

First, as shown in FIG. IIA, a first interlayer 

25 insulating film 11 is formed over the major surface 

{100} of a silicon substrate 10. A mask pattern 12 is 
then formed on the first interlayer insulating film 11. 
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By using the mask pattern 12 as a mask, the first 
interlayer insulating film 11 and the silicon substrate 
10 are selectively etched to form a hole 13a 
rectangular in section. 
5 As the etching technique, use is made of RIE 

or photoetching such as photochemical etching or 
photoabrasion etching. In particular, photoetching 
is suitable for forming the deep hole 13a because it 
has advantages of high speed and low damage. For 

10 photoetching, a CI2 gas is used as an etching gas and 

ultraviolet rays are used as excitation light. 

Next, as shown in FIG. IIB, the silicon substrate 
10 is subjected to wet etching using the mask pattern 
12 as a mask, thereby exposing the {111} plane. As a 

15 result, a hole 13b triangular in section is formed. As 

an etchant, use is made of a KOH solution maintained at 
temperatures from 60 to SO^'C. 

Next, as shown in FIG. IIB, a metal 21, such as 
nickel (Ni), titanium (Ti) , zirconium (Zr), hafnium 

20 (Hf)/ or vanadium (V), is placed inside the hole 13b. 

To be specific, the metal 21 is placed at the bottom of 
the hole 13b. 

Next, as shown in FIG. IIC, heat treatment is 
carried out to cause the metal 21 to react with the 

25 silicon substrate 10. As a result, a layer 22 of metal 

silicide is formed in that portion of the silicon 
substrate 10 which is located below the bottom of the 
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hole 13b- 

Next, as shovm in FIG. IID, the metal silicide 
layer 22 is selectively etched away to form a hole 13c 
deeper than the hole 13b. Finally, an insulating film 
5 is formed, a metal is buried in the hole 13c, and then 

the rear side of the substrate is polished, whereby a 
deep through hole is formed. 

By making a hole deeper in steps in this manner, a 
deep hole and a through hole can be formed readily. 
10 FIGS. 12A, 12B and 12C show other methods of 

forming a metal plug. 

FIG. 12A shows a method of forming a metal plug by 
first coating the entire surface with a conductive 
paste 2 3 and then fluidizing the conductive paste by 
15 means of heat treatment to thereby bury the paste in 

the hole. The excessive conductive paste outside the 
hole can be removed by means of CMP by way of example. 

FIG. 12B shows a method by which metal grains 24 
are deposited onto the entire surface to fill the hole 
20 and then excessive grains outside the hole are removed 

by means of CMP. 

In this method, a solvent (suspension) in which 
metal grains are dispersed may be used instead of the 
metal grains . 

25 FIG. 12C shows a method of forming a metal 

silicide layer 26 by first depositing a silicon film 25 
over the entire surface, next depositing a layer of 
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refractory metal (not shown), such as titanium, on the 
silicon layer 25, and then causing the refractory metal 
layer to react with the silicon layer 25 by heat 
treatment. The excessive metal silicide layer 26 
5 outside the hole is etched away by means of CMP by way 

of example. 

The silicon layer is deposited on the insulating 
film with conf ormality • The silicon layer and the 
metal film exhibit high adhesion. With the method of 

10 FIG. 12C, therefore, since the entire surface of the 

interlayer insulating film 14 inside the hole is 
covered with the silicon layer 2 5 even if the hole is 
deep, the metal silicide layer 31 is formed over the 
entire surface of the insulating film 14 inside the 

15 hole. If a cavity is left inside the hole, it is 

preferably filled with a low stress film. 

FIGS. 13A, 13B and 13C show still another method 
of forming a metal plug. 

First, as shown in FIG. 13A, a silicon film 27 is 

20 formed so as to cover the sidewalls and bottom of the 

hole 13. After that, as shown in FIG. 13A, Ni grains 
(metal balls) 28 of the order of 10 M in diameter are 
placed in the hole. 

Next, as shown in FIG. 13B, heat treatment is 

25 carried out to cause the Ni grains to react with the 

silicon film 27, thereby forming a nickel silicide 
layer 29 in the hole. Since the silicon film 27 and 



the Ni grains 28 in the hole are not sufficient in 
conount, a cavity is left above the nickel silicide 
layer 29. 

Finally, as shown in FIG. 13C, an insulating layer 
or metal layer, serving as a cap layer 30, is formed 
over the entire surface and then the insulating layer 
or metal layer is polished to thereby fill the cavity 
with the cap layer 30. 

The method of forming a metal plug is not limited 
to the methods described so far (the CVD method, the 
sputtering method, the plating method, the conductive 
paste-based method, the metal grain-based method, the 
metal ball-based method, and the suspension-based 
method) . For example, these methods may be combined 
suitably. 

FIGS. 14A to 14D show another method of forming a 
metal plug. This method differs from the methods so 
far in that a metal plug 15 is formed after a through 
hole has been formed by polishing the rear side of a 
silicon substrate 11. 

First, as shown in FIG. 14A, a mask pattern 12a of 
aluminum is formed over the surface of the silicon 
substrate 10 into which circuit devices have been 
manufactured and the first interlayer insulating film 
11 and the silicon substrate 10 are etched using the 
mask pattern 12a as a mask to thereby form a hole 13, 

Next, as shown in FIG. 14B, an SOG film 31 is 



formed over the entire surface and then a FOX film 32 
is formed over the entire surface so as to fill up the 
hole 13. 

Next, as shown in FIG. 14C, the SOG film 31 and 
the FOX film 32 outside the hole 13 are removed by 
means of CMP or etchback by way of example. 

After that, the steps shown in FIGS. 7E through 71 
are performed. 

Next, as shown in FIG. 14D, the FOX film 32 inside 
the hole 13 is removed using CDE by way of example, and 
the metal plug 15 is buried in the hole in the same 
manner as the steps of FIGS. 7D and 7E. 

Where chips are connected together as shown in 
FIG. 15, a pad 33 and a metal ball 34 made of gold are 
formed after the metal plug 15 has been formed. 

FIGS. 16A through 16F show another method of 
forming a connect plug. This method differs from the 
methods described so far in that a metal plug 15 which 
has been formed in advance independently of a silicon 
substrate 10 is buried in a hole 13 formed in the 
silicon substrate • 

In the first place, a method of forming the metal 
plug 15 will be described. 

First, as shown in FIG. 16A, a groove 36 is formed 
in a substrate of silicon dioxide (Si02)* 

Next, as shown in FIG. 16A, metal balls 37 are 
buried in the groove 36. 
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Finally, as shown in FIG, 16B, the metal balls 37 
are fused by heat treatment, thereby forming the metal 
plug 15 in the groove 36. 

A method of foorming a connect plug using the metal 
5 pl^g 15 thus formed in advance will be described next. 

First, as shown in FIG. 16C, the metal plug 15 is 
glued to an adhesive film 38. 

Next, as shown in FIG. 16D, the metal plug 15 
glued to the adhesive film 38 is taken out of the 
10 groove 36. 

Next, as shown in FIG. 16E, the metal plug 15 
glued to the adhesive film is inserted into the hole 13 
of the silicon substrate 10 in the step of FIG. 70. 
The adhesive film is then stripped off the metal plug. 
15 Next, as shown in FIG. 16F, the metal plug 15 is 

fused, so that it is fixed in the hole 13. 

The method which employs the metal plug 15 formed 
in advance provides high throughput and allows the 
process temperature to be low as compared with a method 
20 by which a metal film, serving as the metal plug 4, is 

formed on the silicon substrate 10 using a film forming 
method such as sputtering, CVD, or the like. 

Although, in this example, silicon dioxide is 
chosen as the material of the substrate 35, any other 
25 material may be used provided that it does not react 

with the metal balls 37. 

Instead of the metal balls 37, a low-resistivity 
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conductive paste made of gold, palladium, or the like 
may be used. In this case, the groove 36 is first 
filled with the conductive paste using screen printing 
and then the conductive paste is sintered, thereby 
5 forming the metal plug 15. 

Although the conductive paste made of gold or 
palladium has a high sintering temperature, it does not 
matter because the paste is sintered on the substrate 
35 that is different from the silicon substrate 10. 

10 Unlike ordinary one, the conductive paste need not 

contain resin or glass. 

Instead of using the adhesive film 38 to take the 
metal plug 15 out of the groove 36, another means, such 
as tweezers, may be used. 

15 By forming an adhesive layer in the hole 13 in 

advance, the metal plug 15 may be fixed in the hole 13. 
To be specific, after the hole 13 is coated with SOG or 
FOX to form an adhesive layer therein, the metal plug 
15 is buried in the hole 13. After that, the adhesive 

20 layer is solidified . 

(Fifth Embodiment) 

FIGS. 17A and 17B are sectional views illustrating 
a method of forming chips for a multichip semiconductor 
device according to a fifth embodiment of the present 
25 invention. In these figures, like reference numerals 

are used to denote corresponding parts to those in 
FIGS. 7A through 71 and their detailed descriptions are 
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omitted. 

In this embodiment, following the step of FIG. 71 
in the fourth embodiment, the metal plug 15 is etched 
from the rear side of the silicon substrate 10 as shown 
5 in FIG, 17A, thereby forming an unfilled region in the 

through hole. 

Next, as shown in FIG. 17B, the metal plug 15 (the 
recess forming the unfilled region of the through hole) 
and a solder bump 8 are registered with each other, 
10 then connected together. 

In this case, it is preferable that the 
registration of the metal plug 15 and the solder bump 8 
with each other be performed through image processing. 
This is because the recess corresponding to the 
15 unfilled region of the through hole and other portions 

appear on an image with a great difference in light and 
shade and hence an accurate registration can be 
performed easily. 

The recess allows the sidewall of the bump 8 and 
2 0 the sidewall of the through hole to be brought into 

contact with each other. Thus, the bump can be fixed 
more firmly than without the recess. 

Conversely, the metal plug 15 may be formed to 
protrude from the through hole. In such a case, the 
25 bump 8 will not be brought into contact with the 

silicon substrate 10, preventing the silicon substrate 
from being contaminated by the solder bump. 
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(Sixth Embodiment) 

FIG. 18 is a sectional view of a multichip 
semiconductor device according to a sixth embodiment of 
the present invention. In this figure, like reference 
5 numerals are used to denote corresponding parts to 

those in FIG. 4 and their detailed descriptions are 
omitted. In chips la and lb, the multilevel inter- 
connection layer 3, the insulating films 5 and 7 and 
the pads 6 are omitted. 
10 The feature of this embodiment is that a radiation 

fin 39 is placed on the chip la. The radiation fin is 
fixed to the chip la by adhesive 40. Alternatively, 
the fin may be fixed to an insulating film by 
metallization . 

15 According to the sixth embodiment, the metal plug 

4 and the radiation fin 39 can enhance the heat 
radiation capability of the device. 
(Seventh Embodiment) 

FIG. 19A is a sectional view of a multichip 
20 semiconductor device according to a seventh embodiment 

of the present invention, and FIG. 19B is an enlarged 
view of a bump 8 in FIG. 19A. In these figures, like 
reference numerals are used to denote corresponding 
parts to those in FIG. 4. Reference numeral 7a denotes 
25 an insulating film, and 42 a solder. 

This embodiment features the provision of a heat 
radiation dummy bump 8d between chips la and lb. 
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By the diuniny bump 8d, the chips la and lb are 
mechanically connected with each other but not 
electrically connected together. The dummy bump 
connects the chips la and lb with each other through a 
5 metal film not shown. 

The dummy bump may be formed of a metal such as 
gold. Alternatively, a semiconductor or insulating 
material may be used provided that it is good in heat 
conduction. Further, a filler can be used for the 
10 dummy bump. If the dummy bump 8d and the interconnect 

bump 8 are made of the same material, they can be 
formed simultaneously, checking an increase in the 
number of manufacturing steps. 

The dummy bump 8d alone can improve the heat 
15 radiation capability. In order to further enhance the 

heat radiation capability, it is preferable to couple 
the dummy bximp 8d to a radiation fin. 

{ Eighth Embodiment ) 

FIG. 20 is a diagram for use in explanation of a 
2 0 method of manufacturing a multichip semiconductor 

device according to an eighth embodiment of the present 
invention. 

Although, in the seventh embodiment described in 
connection with FIGS. 17A and 17B, the solder bump 8 is 
2 5 formed on the metal plug 15, in the present embodiment 

a solder bump 8 is formed on a member 47 (for example, 
a chip with metal plugs, a chip with no metal plug, or 
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an interconnection substrate) to which a connection is 
made . A metal plug 4 formed to protrude from the rear 
side of a silicon substrate 2 is brought into contact 
with the solder bump 8. 
5 In this embodiment as well, the bump 8 is kept 

away from the silicon substrate 10, preventing the 
silicon substrate from being contaminated by the bump. 
(Ninth Embodiment) 

FIG. 21 is a sectional view of a multichip 

10 semiconductor device according to a ninth embodiment of 

the present invention. In this figure, like reference 
numerals are used to denote corresponding parts to 
those in FIG. 4. In chips la, lb, and Ic, the 
multilevel interconnection layer 3, the insulating 

15 films 5 and 7 and the pads 6 are omitted. The chip Ic 

need not necessarily be provided with metal plugs . 

The present embodiment uses a TAB tape as a 
packing member. In FIG. 21, 43 denotes a plastic tape, 
and 44 a lead terminal. In FIG. 22 there is 

20 illustrated a conventional multichip semiconductor 

device using TAB tape. As can be seen from comparison 
between FIGS. 21 and 22, the semiconductor device of 
the present embodiment is smaller in plane area than 
the conventional semiconductor device. 

25 According to the present embodiment, chips can be 

stacked, which, in addition to the advantage of small 
plane area, allows all the chips, some chips, or each 
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chip to be tested through the use of metal plugs 4 . 

For testing of the entire semiconductor device, a 
probe is put to a pad (not shown) on the multilevel 
interconnection layer of the chip la. For testing of 
5 the chips la and lb, the probe is put to a pad on the 

multilevel interconnection layer of the chip lb after 
the chips la and lb have been connected together. 
(Tenth Embodiment) 

FIGS. 2 3A through 23F are sectional views in the 

10 order of steps of a method of forming a multichip 

semiconductor device according to a tenth embodiment of 
the present invention. 

After NAND type EEPROM memory cells and peripheral 
devices (not shown) have been manufactured into a 

15 silicon substrate 50 using well known techniques as 

shown in FIG. 2 3A, a first interlayer insulating film 
56 is formed. 

In FIGS. 2 3A through 2 3F, 51 denotes a tunnel 
oxide layer, 52F a floating gate electrode, 53 an 

20 intergate insulating film, 52C a control gate electrode, 

54 a source diffused region, and 55 a drain diffused 
region. Although, in practice, a large number of 
memory cells are formed, only one memory cell is 
illustrated for the purpose of simplifying illustration. 

25 Next, as shown in FIG. 2 3A, a contact hole is 

formed in the first interlayer insulating film 56 and 
then a Ti/TiN layer 57 and a W bit line plug 58 are 
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sequentially formed in the contact hole. 

More specifically^ the contact hole is formed 
first, and a Ti film, a TiN film and a W film are then 
formed in sequence over the entire surface. Note that 
5 the W film is formed by blanket CVD. Finally, the W 

film, the Ti film and the TiN film outside the contact 
hole are removed by means of CMP. 

Next, as shown in FIG. 2 3B, a mask pattern 59 of, 
for example, alminum is formed on the first interlayer 

10 insulating film 56, and then the regions of the first 

insulating film 56 and the silicon substrate 50 where 
connect plugs are to be formed are etched using the 
mask pattern as a mask. Thus, a square hole 56 is 
formed which is 100 /im on a side and has a depth of 150 

15 to 200 ijLm. After this process, the mask pattern 59 is 

removed . 

Next, as shown in FIG. 23C, an Si02 film 61 is 
formed on the sidewall of the hole 60 and a 
polycrystalline silicon film 62 of 500 nm in thickness 

20 is formed on the Si02 film. After that, a nickel film 

63 as a metal plug is formed to fill up the hole 60. 

More specifically, the Si02 film 61 of 500 nm in 
thickness, the polycrystalline silicon film 62 of 
500 nm in thickness and the nickel film 6 3 are formed 

25 in sequence over the entire surface and then surpluses 

of the Si02 film, the silicon film 62 and the nickel 
film outside the hole are removed. 



52 - 



The nickel film 6 3 is formed by first burying 
nickel paste in the hole 60 using screen printing by 
way of example and then sintering that paste at a 
temperature of 6 00^C. 
5 Next, as shown in FIG. 23D, a bit line 64 and a 

first interconnection layer 65 are formed by means of 
conventional techniques . 

To be specific, a Ti film of 10 nm in thickness, a 
TiN film of 10 nm in thickness, an AlCu film of 400 nm 

10 in thickness and a TiN film of 40 nm in thickness are 

sequentially formed and then the resulting multilevel 
films are selectively etched by means of photo- 
lithographic and etching techniques, thereby forming 
the bit line 64 and the first interconnection line 65. 

15 Next, as shown in FIG. 2 3D, a second interlayer 

insulating film 66 is formed and then a via hole is 
formed in the second insulating film. After that, 
a second interconnection film 68 is formed which 
connects with the first interconnection layer 65 

2 0 through a plug 67- 

The second interconnection layer 68 can be formed 
in the same way as the first interconnection layer 65. 
The plug 67 is formed of a film of, for example, 
tungsten. The second interconnection layer on the 

25 memory cell area is omitted. 

Next, as shown in FIG. 23D, as a passivation film 
that covers the second interconnection layer 58, a 
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photosensitive polyimide film 6 9 of 450 nm in thickness 
is formed by means of plasma CVD and an opening (pad 
opening) is then fo3rmed in that portion of the 
polyimide film which is located above the second 
5 interconnection layer 68. After that, it is preferable 

that each of chips formed on a wafer be electrically 
tested by putting a probe to the pad (not shown). 

Next, as shown in FIG. 2 3E, the rear side of the 
silicon substrate 50 is mechanically polished to expose 

10 the nickel film 63. 

This polishing process is preferably performed 
after the silicon substrate 50 has been cut out from 
the wafer. The reason is that the wafer is difficult 
to polish uniformly as described previously. Following 

15 the polishing process, damage resulting from polishing 

is removed by wet etching. 

In order to allow individual chips to be 
automatically separated when the wafer thickness is 
reduced by polishing, it is preferable to score the 

20 wafer in advance. 

Next, as shown in FIG. 23F, an Au ball bump 7 0 is 
formed on the second interconnection layer 68 and then 
solder 71 is formed on the ball bump using transferring 
techniques. If, at this point, good chips have been 

25 known as a result of probe testing, then the Au ball 

bump 70 has only to be formed on only the good chips. 
This will result in better yield and increased 
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production efficiency. 

Finally, as shown in FIG. 24, the solder 71 (the 
Au ball bump 70) and the nickel film (metal plug) 63 
are registered with each other and then brought into 
contact with each other to connect the silicon 
substrates 50 together, whereby an EEPROM multichip 
semiconductor device is completed. After that, its 
electrical characteristics are evaluated. If a 
defective chip is found, the solder 71 is heated to its 
melting point and the defective chip is then separated 
from a stack of chips. The defective chip is then 
replaced with a good one. 

Although the present embodiment has been described 
in terms of a NAND type EEPROM multichip semiconductor 
device, a NOR type EEPROM multichip semiconductor 
device and a DRAM multichip semiconductor device can 
also be manufactured in the same way as in the present 
embodiment . 

In addition, multichip semiconductor devices for 
information processing units, such as personal 
computers, can also be manufactured. 

According to the present invention, as described 
above, a multichip semiconductor device can be provided 
which is small in plane area, simple in structure, and 
small in thickness. This is because at least one chip 
has a structure in which a connect plug of metal is 
formed in a hole that passes through its semiconductor 
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substrate and interlayer insulating film and the chip 
is electrically connected with another chip by the 
connect plug. 

Moreover, the present invention uses, as a chip in 
5 a multichip semiconductor device, a semiconductor 

substrate into which circuit components are manu- 
factured and a connect plug of metal, formed in a 
through hole that passes through the semiconductor 
substrate and an interlayer insulating film formed on 
10 the substrate, for providing an electrical connection 

with another chip. 

By the use of such a chip, a multichip semi- 
conductor device of the present invention is realized. 
Furthermore, in the present invention, after the 
15 formation of a hole which passes through the interlayer 

insulating film but not the semiconductor substrate, 
the rear side of the substrate is processed to allow 
the hole to pass through the substrate. Thus, even if 
the original semiconductor substrate is thick, the 
2 0 through hole can be formed easily. 

Accordingly, even if a semiconductor substrate is 
thick, a chip for a multichip semiconductor device of 
the present invention can be formed easily. 
(Eleventh Embodiment) 
25 FIG. 25 is a cross-sectional view showing a 

multichip semiconductor device according to an eleventh 
embodiment of the present invention. 
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The multichip semiconductor device is constructed 
such that two chips lOli and IOI2 are connected via an 
interlayer wiring substrate 109 formed of a ceramic 
material. The chip lOli, IOI2 generally comprises a 
5 silicon substrate 102 on which devices are integrally 

formed, and a wiring multilayer 103 for connecting the 
devices in a predetermined relationship, 

A pad 106 provided on the wiring multilayer 103 of 
chip lOli is electrically connected to a pad 106 

10 provided on the multilayer wiring substrate 109 through 

a solder bump 108. Another pad 106 electrically 
connected to this pad 106 and provided on the 
multilayer wiring substrate 109 is electrically 
connected to a pad 106 provided on the wiring 

15 multilayer 103 of chip IOI2. The upper and lower chip 

lOli and IOI2 are electrically connected to each other 
through the multilayer wiring substrate 109 interposed 
therebetween . 

A conductive through-plug 104 (conductive plug) 

20 penetrating the silicon substrate 102 is provided in 

the chip IOI2. The though-plug 104 is electrically 
connected to the pad 106 of multilayer wiring substrate 
109 through the pad 106 of chip 10 I2 and the bump 108 
provided thereon • 

25 The through-plug 104 is formed outside the device 

formation region. An insulating film 105 is provided 
between the through-plug 104 and silicon substrate 102 



(through-hole) . The insulating film 105 and through- 
plug 104 constitute a connect plug. 

An insulating film 107 is coated on a silicon 
region, that is, a region except the through-plug 104, 
of the silicon substrate 102 of chip 1012^ which is 
opposed to the wiring multilayer 103. The through-plug 
104 has a heat-radiation facilitating effect. 

Another means for facilitating heat radiation is 
to form the multilayer wiring substrate 109 of a 
material having a higher thermal conductivity than the 
chip 101^, IOI2- Specifically, in the case of a Si 
chip, such an insulating material as SiC may be used. 
Alternatively, a metal plate may be buried, as will be 
described below in connection with a twelfth embodiment 
of the invention. 

According to the present embodiment, since the 
chip 10 I2 is stacked on the chip 10 1^ with the 
multilayer wiring substrate 109 interposed, the area 
in plan of the device can be reduced, unlike the 
conventional multichip semiconductor device in which a 
plurality of chips are arranged in a plane. 

According to the present embodiment, since the 
chip IOI2 having the through-plug 104 electrically 
connected to the chip 101^ via the multilayer wiring 
substrate 109 is used, an inspection of the device can 
be performed by putting a test probe in contact with 
the through-plug 104. Since the through-plug 104 is 
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exposed to the bottom face of the semiconductor 
substrate 102, the test probe can easily be put in 
contact with the through-plug 104, According to the 
present embodiment, therefore, the device can easily be 
5 inspected. 

In this embodiment, the number of chips is set at 
one. However, since chips are interconnected via the 
multilayer wiring substrate 109 in this embodiment, the 
number of chips is not limited to two, unlike the 

10 conventional multichip semiconductor device wherein 

chips are connected in a face-to-face fashion. 

Therefore, the present embodiment can provide a 
multichip semiconductor device with a small area in 
plan, which permits an easy inspection and does not 

15 limit the number of stacked chips to two. 

The through-plug 104, though provided in the chip 
101 2 in the present embodiment, may be provided in the 
chip lOli or in each of the chips 101^ and 1012- 
(12th Embodiment) 

20 FIG. 26 is a cross-sectional view showing a 

multichip semiconductor device according to a 12th 
embodiment of the present invention, FIG, 27 is a plan 
view of a connecting substrate of the multichip 
semiconductor device of FIG, 26, 

25 This multichip semiconductor device is 

characterized in that two adjacent chips, i.e. upper 
and lower chips, are electrically connected via a 
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connecting substrate having a through-plug and a heater. 

Specifically, a pad 106 provided on a wiring 
multilayer 103 of a chip lOl^ is connected to a 
through-plug 104 of a connecting substrate 131i via a 
5 solder bump 108. The through-plug 104 of connecting 

substrate 131i is connected to a through-plug 104 of a 
chip IOI2 via another solder bump 108. 

The adjacent upper and lower chips 10 1^ and 10 I2 
are electrically connected via the through-plug 104 of 

10 the interposed connecting substrate 131i. Similarly, 

the chip IOI2 is electrically connected to a chip IOI3 
via a through-plug 104 of a connecting substrate 1312- 
The through-plugs 104 are formed according to the 
methods of the twelfth embodiment. 

15 The connecting substrates 13 and 1312 are formed 

to have a thermal conductivity sufficiently higher than 
that of the chips lOli to IOI3. 

Specifically, the connecting substrates 131^ and 
13 I2 are formed of a material having a higher thermal 

20 conductivity than silicon, of which the silicon 

substrate 102 is formed, for example, an insulating 
material such as SiC. In the example shown, the 
connecting substrate 1312 formed of an insulating 
material. Accordingly, no insulating film is formed on 

25 a side wall of the through-hole in which the through- 

plug 104 is buried. 

A metal plate 132 having a higher thermal 
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conductivity than the connecting substrate body 
(through-plug 104 + connecting substrate 13 1^; through- 
plug 104 + connecting substrate 1312) is buried in the 
connecting substrate body. The metal plate 132 is 
5 formed of, e.g. or Cu. The metal plate 132 may be 

provided on the surface of the connecting substrate 
131i, 13l2r or both in the connecting substrate 131^, 
1312 and on the surface of the connecting substrate 
131i, 1312- 

10 Heaters 133 are buried in upper and lower surface 

portions of the connecting substrate 131i, 1312 so as 
to surround the vicinities of the solder bumps 8. The 
heaters 133 are connected to an external power supply 
over power lines 134 of etc. provided on the 

15 connecting substrate 131^, 1312- 

The power lines 134 can be controlled 
independently. Accordingly the four heaters 133, i.e. 
two heaters 133 buried in the upper and lower surfaces 
of the connecting substrate 131^ and two heaters 133 

20 buried in the upper and lower surfaces of the 

connecting substrate 1312/ can be controlled 
independently. Each power line 134 constitutes a 
capacitor for ensuring stable supply of power. 

In FIG. 26, reference numeral 35 denotes a wiring 

25 substrate, and 36 a wiring multilayer. A connecting 

substrate 13 I3 is similar to the connecting substrate 
131i, 1312/ it is not used for interconnecting 



chips. The connecting substrate 13I3 is used as a heat 
radiating plate, but it may not necessarily be provided. 
In addition, an insulating film on the side wall of the 
through-hole in the semiconductor substrate is omitted. 

In the present embodiment, the connecting 
substrate ISl^, 1312 ^ sufficiently higher thermal 

conductivity than the chip, 101^ to IOI3. Even if 
the chips lOli to IOI3 produce heat in operation, the 
heat can be efficiently radiated to the outside through 
the connecting substrates 131i to 13I3. Thereby, 
deterioration in operational characteristics of the 
chips 101^ to IOI3 and a decrease in life of the chips 
10 1^ to 10 I3 due to the produced heat can be prevented. 

According to the present embodiment, the 
independently operable heaters 133 provided on the 
connecting substrates 131i and 13I2 are operated to 
selectively melt only the bumps connected to a chip 
determined to be defective by inspection. Thus the 
defective chip alone can be selectively separated from 
the connecting substrate. Therefore, repairs to the 
chip can easily be made. 

FIGS. 28A and 28B show how to make repairs. In 
these figures, only reference numerals necessary for 
descriptions are added. The structure of the multichip 
semiconductor device is the same as that shown in 
FIG. 26 (the same applicable to the other embodiments). 

FIG. 2 8A shows a state in which the chip is 
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inspected by test probes. FIG. 2 8B shows a state in 
which the chip IOI2/ which has been determined to be 
defective by the inspection, and the connecting 
substrate 1312 connected thereto, are moved. In the 
5 step in FIG. 28B, the chip IOI2 and the connecting 

substrate 13 li connected thereto may be removed. 

Subsequently, the chip 10 I2 is separated from the 
connecting substrate 1312/ and a new chip is connected 
to the connecting substrate 1312- Then the connecting 

10 substrate 1312 with the new chip is restored and 

connected as in the previous state. If the new chip is 
inspected and it has passed the inspection, repairs are 
completed. If the chip fails to pass the inspection, 
the present step is repeated until it passes the 

15 inspection. 

In the present embodiment, the heaters 133 are 
formed to surround the vicinities of the solder bumps 8, 
and the vicinities of solder bumps 108 are preferen- 
tially heated. However, even if the heaters 133 are 

20 provided to heat the entire connecting substrate, 

repairs can be made more easily than in the prior art. 
(13th Embodiment) 

FIG. 29 is a cross-sectional view showing a 
multichip semiconductor device according to a 13th 
25 embodiment of the present invention. 

The 13th embodiment differs from the 12th 
embodiment in that the connecting substrates 13 1^ to 



63 - 



13I3 are provided with a heat radiation fin 137. The 
radiation fin 137 is fixed to the connecting substrates 
131i to 13I3 by means of, e.g. an adhesive. It may be 
fixed by other means such as metallization. 
5 According to this embodiment, heat is radiated not 

only through the connecting substrates 131^ to 13I3 but 
also through the radiation fin 137 with a higher 
thermal conductivity. Therefore, heat can be 
efficiently radiated from the chips 101^ to IOI3. 

10 (14th Embodiment) 

FIG. 30 is a cross-sectional view showing a 
multichip semiconductor .device according to a 14th 
embodiment of the invention. 

The 14th embodiment differs from the 13th 

15 embodiment in that a radiation fin 137 is provided only 

on the chip which produces a great amount of heat. In 
this embodiment, it is assumed that the amount of heat 
produced by the chip IOI2/ IOI3 is greater than that 
produced by the chip lOl^* In this case, there is no 

20 need to provide the chip IOI3 with the connecting 

substrate 13 I3 serving as a radiation plate and the 
dimension of the device in the direction of stacking of 
chips can be reduced. 

( 15th Embodiment ) 

25 FIG. 31 is a cross-sectional view showing a 

multichip semiconductor device according to a 15th 
embodiment of the invention. 
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The 15th embodiment differs from the 12th 
embodiment in that a wiring multilayer is provided 
within the connecting substrate 1312 and wiring is 
rearranged. Specifically, the solder bump 108a is not 
5 connected to the solder bump 108b provided over the 

solder bump 108a, but to the solder bump 108c, which is 
provided in an inclined upward direction of the solder 
bump 108a, via a plug 138a, a wiring layer 139a and a 
plug 138b. On the other hand, the solder bump 108d is 
10 not connected to the solder bump 108c but to a wiring 

layer 139b via a plug 138c. 

The heaters 133 are buried in the upper and lower 
surface portions of the connecting substrate 1312 at a 
distance from the wiring layers 139a and 139b. However, 
15 the heaters 133 may be provided within the connecting 

substrate 1312 in the same layer as the wiring layers 
139a and 139b. 

(16th Embodiment ) 

FIG. 32 is a cross-sectional view showing a 
20 multichip semiconductor device according to a 16th 

embodiment of the invention. 

This embodiment differs from the 12th embodiment 
in that capacitors are provided within the connecting 
substrate to stabilize power supply to the chips. 
25 Referring to the connecting substrate 13 I3, a power 

line 140 and a ground line 141 are formed within the 
connecting substrate 13I3 such that the ground line 141 
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extends above and below the power line 140. Thereby, 
two series-connected capacitors are vertically provided. 

The material of the connecting substrate 13 I3 is 
an insulating material. Reference numerals 142 and 143 
5 denote wiring elements . Although the wiring elements 

142 and 143 are connected to the bumps via pads, such 
pads are not shown. Similar capacitors are formed in 
connecting substrates (not shown) other than the 
connecting substrate 13I3. Note that capacitors or an 

10 active element for stabilization of the power source 

and for amplifying a signal may be formed on the 
connecting substrate instead of that the capacitors are 
formed within the connecting substrate. 
(17th Embodiment) 

15 FIG. 33 is a cross-sectional view showing a 

multichip semiconductor device according to an 17th 
embodiment of the invention. 

In the multichip semiconductor device of this 
embodiment, an upper-layer Si chip 15 1^ is connected to 

20 lower-layer Si chips I5I2 and I5I3 via multilayer 

wiring substrates 152 1 and 1522 formed of Si. 
Reference numeral 50 denotes device formation surfaces 
of the Si chips 151^ to 15I3. 

Pads 153 provided on the Si chip 15 1^ are 

25 connected via solder bvunps 154 to pads 155 provided on 

the multilayer wiring substrate 152 i- The pads 155 are 
connected to pads 15 8 provided on the multilayer wiring 
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substrate 1522/ via a wiring layer (not shown) formed 
on the multilayer wiring substrate 152 through-plugs 
104 connected to the wiring layer, pads 156 provided on 
the multilayer wiring substrate 152 i and bumps solder 
5 157. The through-plugs 104 and the wiring layer are 

normally formed of a metal such as Cu or Al in order to 
fully exhibit their functional properties. However, if 
it is important to equalize themal expansivities, they 
may be formed of Si films with high impurity concen- 

10 tration. 

The Pads 158 are connected to pads 161 provided on 
the Si chips 1512 and 15 I3, via a wiring layer (not 
shown) formed on the multilayer wiring substrate 1522 r 
pads 159 connected to the wiring layer, and solder 

15 bumps 160. This wiring layer is formed of a metallic 

material or an Si film with high impurity concentration, 
as mentioned above. 

In this manner, the upper-layer Si chip 15 li is 
connected to the lower-layer Si chips I5I2 and I5I3 via 

20 the multilayer wiring substrates 152^ and 1522- 

The multilayer wiring substrate 152 ^ is connected 
to the multilayer wiring substrate 1522 via the pads 
156, solder bumps 157 and pads 158. Similarly, the 
multilayer wiring substrate 1522 is connected to a 

25 plastic substrate 165 via pads 162, solder bumps 163 

and pads 164. The plastic substrate 165 is provided 
with pads 166 and solder bumps 167. Wiring layers 168 
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for connecting the pads 164 and 16 6 are formed within 
the plastic substrate 165. 

An adhesive 16 9 including no filler is filled 
between the Si chip 15 li and wiring substrate 152 i and 
5 between the Si chips 1512 and I5I3 and multilayer 

wiring substrate 1522- 

Even if the adhesive 169 includes no filler, the 
Si chips 15 li to 15 I3 and the multilayer wiring 
substrates 152 1 and 1522 are formed of the same Si. 
10 Accordingly, the thermal expansivity of the Si chips 

151i to 15I3 is equal to that of the multilayer wiring 
substrates 152^ and 1522- Therefore, highly reliable 
connection is achieved. 

On the other hand, since the multilayer wiring 
15 substrate 1522 and plastic substrate 165 are formed of 

different materials, an adhesive 170 including a filler 
is filled between the wiring substrate 1522 and plastic 
substrate 165, thereby ensuring reliable connection 
therebetween . 

20 Since no devices are formed on the multilayer 

wiring substrates 152 1 and 152 2/ the pitch of solder 
bumps 16 3 can be set at a desired value. The pitch 
of solder bumps 16 3 may be set at such a value that 
the adhesive 170 can be surely put among the solder 

25 bumps 16 3. 

As has been described above, in the present 
embodiment, since the multilayer wiring substrates 152 ^ 
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and 1522 Si chips 151i to I5I3 are formed of the 

same Si, thermal strain hardly occurs in the solder 
bumps 154 and 160. 

Accordingly, even if the integration density of 
5 the Si chips 15 1^ to 15 I3 further increases and the 

distance between the Si chip 151^ and multilayer wiring 
substrate 152 1^ as well as between the Si chips 15 I2 
and 15I3 and multilayer wiring substrate 1522^ further 
decreases, the reliable connection therebetween is 

10 ensured. Accordingly, reliable connection between the 

upper-layer Si chip 15 li and the lower-layer Si chips 
I5I2 and 15I3 is ensured. 

Since the multilayer wiring substrates 152 ^ and 
1522 and Si chips 151i to I5I3 are formed of the same 

15 Si, there is no need to make their thermal strains 

close to each other, and the adhesive 169 including no 
filler can be used. 

Accordingly, even if the integration density of 
the Si chips 15 li to 151 3 further increases and the 

20 distance between the Si chip 15 li and multilayer wiring 

substrate 152 1^ as well as between the Si chips 15 I2 
and I5I3 and multilayer wiring substrate 1522^ further 
decreases, there occurs no region which is not filled 
with the adhesive 169. Therefore, reliable connection 

25 between the upper-layer Si chip 151^ and the lower- 

layer Si chips 15 I2 and 15 I3 is ensured. 

The area in plan of the device can be reduced for 
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the Scune reason as described with respect to the 
eleventh embodiment • 

In the present embodiment, since there is no need 
to form through-plugs in the Si chips 151i to I5I3 on 
5 which devices are formed, a rise in manufacturing cost 

can be suppressed. Needless to say, it is possible to 
connect the Si chip 151i to the Si chips I5I2 and I5I3 
via the multichip wiring substrate 152 1 by using the Si 
chips Si chips 151i to 15I3 having through-plugs. 
10 FIGS. 40A to 40H are cross-sectional views 

illustrating the steps of a method of manufacturing the 
multichip semiconductor device according to the present 
embodiment . 

To start with, as shown in FIG. 34A devices (not 
15 shown) are integrally formed on the device formation 

surface 150 of the Si substrate. The pads 153 are then 
formed to constitute the Si chip 15 li. The solder 
bumps 154 are then formed on the pads 153. 

As is shown in FIG. 34B, the through-plugs 104 of 
20 Si, wiring layer and pads 155 are formed on the Si 

substrate, thus constituting the multilayer wiring 
substrate 152 1. The pads 155 are formed at positions 
corresponding to the pads 153. Each of pads 153 and 
155 has a square shape with each of 20 /im. The pitch 
25 of the pads 153 and 155 is set at 30 /zm (the distance 

between adjacent pads is 10 /im) . 

In a step shown in FIG. 34C, the solder bumps 154 
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of Si chip 15 li are aligned with the pads 155 of 
multilayer wiring substrate 152 and these are bonded 
to each other. The epoxy adhesive 169 including no 
filler is filled between the Si chip 151^ and 
5 multilayer wiring substrate 152 Thus^ a unit 17 1^ 

wherein the Si chip 151^ is bonded by flip-chip bonding 
to the multilayer wiring substrate 152]^ is formed. 

The distance between the Si substrate constituting 
the multilayer wiring substrate 152 i and the Si 

10 substrate constituting the Si chip 151i is set at 20 /xni. 

Accordingly, the size of each solder bump 154 is set at 
about 20 /ini0 . 

As is shown in FIG. 34D, devices (not shown) are 
integrally formed on the device formation surface 150 

15 of the Si substrate. The pads 161 are then formed to 

constitute the Si chip 1512- The solder bumps 160 are 
then formed on the pads 161 of Si chip 1512- Similarly, 
the Si chip 15 I3 is formed and the solder bumps 160 are 
formed on the pads 161 of Si chip 15I3. 

20 As is shown in FIG. 34E, the through-plugs 104 of 

Si, wiring layer and pads 158, 159 and 162 are formed 
on the Si substrate, thus constituting the multilayer 
wiring substrate 1522- The solder b\imps 157 are formed 
on the pads 158. 

25 As is shown in FIG. 34F, like the unit 171x, 

alignment, bonding and filling of adhesive 169 are 
carried out, and a unit 17 I2 wherein the Si chip 1512 



71 



and Si chip 15 I3 are bonded by flip-chip bonding to the 
multilayer wiring substrate 1522 is formed. 

Subsequently, as shown in FIG. 34G, the solder 
bumps 157 and pads 156 are bonded and thus the units 
5 17 li and 1712 connected. 

Since the multilayer wiring substrates 152 ^ and 
1522 Si chips 1512 and 15I3 are formed of Si, no 

thermal strain occurs due to a difference in thermal 
expansivity. Accordingly, the size and pitch of bumps 

10 may be determined by considering only the thickness of 

the Si chip 1512 f 15I3 between the multilayer wiring 
substrates 152 ^ and 1522/ without considering thermal 
strain due to a difference in thermal expansivity. 

Since the pads 162 formed on the lower surface of 

15 the multilayer wiring substrate 152 2 are to be 

connected to the solder bumps 16 3 of plastic substrate 
165, it is necessary that the diameter of each pad 162 
and the pitch of pads 162 be set at about 100 //m or 
more and at about 200 jim or more, respectively. A 

20 wiring layer for relaxing the pitch is formed on the 

multilayer wiring substrate 1522 • 

At last, as shown in FIG. 34H, the plastic 
substrate 165 having pads 164 and 166 and wiring layer 
16 8 is formed. The solder bumps 16 3 and 167 are formed 

25 on the pads 64 and 66, respectively. The unit 1712 r 

which the unit 17 1^ is connected, is aligned with, and 
connected to, the plastic substrate 165. In order to 
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relax strain, the adhesive 170 including filler of Si02 
is filled between the plastic substrate 165 and unit 
1712- Thus, the multichip semiconductor device shown 
in FIG. 33 is obtained. 
5 In the present embodiment. Si substrates are used 

for the multilayer wiring substrates 152x and 1522- 
Accordingly, inexpensive, uniform multilayer substrates 
152 1 and 1522 can be formed by mass production. 

The design rules for the wiring layers, which 

10 constitute the multilayer wiring substrates 152 i and 

1522 f are much more relaxed than those for the wiring 
layers which constitute the Si chips 151i and 1512 (e-g- 
on the order of several //m) . Accordingly, a yield of 
nearly 100% can be achieved. Moreover, since there is 

15 no need to form devices such as MOS transistors or 

capacitors, there is no need to consider conteimination 
on Si substrates, and the manufacturing process can be 
simplified. 

In the present embodiment, it is assumed that the 
20 material of the chips is the same as that of the 

multilayer wiring substrates. However, these materials 
may differ if their thermal expansivities are nearly 
equal. In this case, it is preferable to use such a 
combination of materials that the radiation properties 
25 of the multilayer wiring substrate (connecting 

substrate) become higher than those of the chip. 

Besides, where the same material is used, it is 
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preferable to form the through-plugs of a material 
having higher radiation properties than the material of, 
e.g. the multilayer wiring substrate, by providing the 
multilayer wiring substrate with radiation means such 
5 as a radiation fin or by providing the through-plugs in 

the multilayer wiring substrate with radiation 
functions. Specifically, it is understood from a table 
of FIG. 35 that SiC or AIN can be used if the material 
of the chips and multilayer wiring substrates is Si. 

10 As has been described above in detail, according 

to the present invention, since a plurality of chips 
are stacked, the area in plan of the device can be 
reduced. Moreover, the chip in which conductive plugs 
is formed may be situated at the top or bottom of the 

15 device and thus the test probes can easily be put in 

contact with the conductive plugs. Therefore, 
inspections of the device can easily be performed. 

According to the present invention, since a 
plurality of chips are stacked, the area in plan of the 

20 device can be reduced. In addition, since the heat 

radiation properties of the connecting substrate are 
higher than those of the chips, the radiation 
properties of the device can be improved. 

According to the present invention, since a 

25 plurality of chips are stacked, the area in plan of the 

device can be reduced. In addition, since bumps 
connected to a defective chip can be melted by heater 



units of the connecting substrate, repairs of the chip 
can easily be made. 

According to the invention, since a plurality of 
chips are stacked, the area in plan of the device can 
be reduced. In addition, since the thermal expansivity 
of the material of the connecting substrate is nearly 
equal to that of the material of the semiconductor 
substrate, reliable connection between the chips is 
ensured even if the bumps and adhesive are used for 
connection members. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 
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CLAIMS 

1 . A multichip semiconductor device having a 
stack of chips each having a semiconductor substrate 
which has a surface on which circuit components are 
5 formed and an interlayer insulating film formed on the 

surface of the semiconductor substrate, wherein at 
least one chip of the chips has a connect plug formed 
in a through hole which passes through the semi- 
conductor substrate and the interlayer insulating film, 
10 and the connect plug of the at least one chip is 

electrically connected to another chip of the chips 
through a bump with a predetermined space. 

2 • The multichip semiconductor device according 
to claim 1, wherein the another chip has a connect 
15 member that electrically connects with the connect plug. 

3. The multichip semiconductor device according 
to claim 1, wherein the one chip and the another chip 
of the chips are electrically connected to each other 
through a packing member interposed between the one 

2 0 chip and another chip. 

4 . A chip for use in a multichip semiconductor 
device comprising: 

a semiconductor substrate having a surface on 
which circuit components are formed; 
25 an interlayer insulating film formed on the 

surface of the semiconductor substrate; 

a connect plug made of a metal formed in a through 
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hole that passes through a part of the interlayer 
insulating film and the semiconductor substrate; and 

a bxamp for electrically connecting the connect 
plug to another chip with a predetermined space. 
5 5. The chip according to claim 4, wherein the 

connect plug comprises a metal plug formed in the 
through hole and an insulating film formed between the 
metal plug and a sidewall of the through hole- 

6. The chip according to claim A, wherein the 
10 connect plug comprises a metal plug formed in the 

through hole and having a cavity, an insulating film 
formed between the metal plug and a sidewall of the 
through hole, and a low stress film formed in the 
cavity of the metal plug, the low stress film being 
15 smaller than the metal plug in the difference in 

thermal expansion coefficient from the semiconductor 
substrate . 

7. The chip according to claim 4, wherein the 
connect plug comprises a metal plug formed in the 

20 through hole so that a space is left in the through 

hole on the top side of the semiconductor substrate, an 
insulating film formed between the metal plug and the 
sidewall of the through hole, and a cap layer formed in 
the space in the through hole. 

25 8. The chip according to claim 4, wherein the 

connect plug comprises a metal plug foinned in the 
through hole so that a space is left in the through 
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hole on a rear side of the semiconductor substrate, an 
insulating film formed between the metal plug and a 
sidewall of the through hole, and a cap insulating film 
formed in the space in the through hole. 
5 9- A method of forming a multichip semiconductor 

device comprising the steps of: 

forming circuit components on a surface of 
semiconductor substrate ; 

forming an interlayer insulating film over the 
10 surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
passes through the interlayer insulating film but not 
the semiconductor substrate; 
15 forming an insulating film on a sidewall and 

bottom of the hole to a thickness that does not fill up 
the hole; \ 

filling the hole covered with the insulating film 
with a metal to form a metal plug; 
20 processing a rear side of the semiconductor 

substrate to thereby expose the metal plug at the 
bottom of the hole; and 

stacking the semiconductor substrate on another 
semiconductor substrate such that the exposed metal 
25 plug at the bottom of the hole of the semiconductor 

substrate connects with the exposed metal plug at the 
bottom of the hole of the another semiconductor 
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substrate. 

10. The method according to claim 9, wherein the 
hole is formed prior to the formation of an 
interconnection layer which, of interconnection layers 

5 to be formed above the semiconductor substrate, has the 

lowest melting point. 

11. The method according to claim 9, wherein the 
step of processing the rear side of the semiconductor 
substrate is performed after the semiconductor 

10 substrate has been cut out from a wafer. 

12. A method of forming a chip for use in a 
multichip semiconductor device comprising the steps of: 

manufacturing circuit components on a surface of 
semiconductor substrate using integrated-circuit 
15 techniques; 

forming an interlayer insulating film on the 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
20 passes through the interlayer insulating film but not 

the semiconductor substrate; 

fortning a first insulating film on a sidewall and 
bottom of the hole to a thickness that does not fill up 
the hole; 

25 filling the hole with a second insulating film 

which has a higher etch rate than the first insulating 
film; 



forming a contact hole in the interlayer 
insulating film and forming an interconnection layer 
that connects with the circuit components through the 
contact hole ; 

processing a rear side of the semiconductor 
substrate and the first insulating film in the hole to 
expose the second insulating film at the bottom of the 
hole; 

etching away the second insulating film in the 
hole; and 

filling the hole covered with the first insulating 
film with a metal to form a metal plug. 

13. The method according to claim 12, wherein the 
rear side of the semiconductor substrate is processed 
after the semiconductor substrate has been cut out from 
a wafer. 

14. A method of forming a multichip semiconductor 
device comprising: 

manufacturing circuit components on a 
semiconductor substrate ; 

forming an interlayer insulating film over a 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
passes through the interlayer insulating film but not 
the semiconductor substrate; 

forming a first insulating film on a sidewall and 



- 80 



bottom of the hole to a thickness that does not fill up 
the hole; 

filling the hole covered with the first insulating 
film with a metal to form a metal plug; 
5 processing a rear side of the semiconductor 

substrate to expose the first insulating film at the 
bottom of the hole; 

selectively etching the rear side of the 
semiconductor substrate until the first insulating film 
10 on the sidewall of the hole which is above the first 

insulating film at the bottom of the hole is exposed; 

forming a second insulating film over the entire 
rear side of the semiconductor substrate; and 

etching the first and second insulating films 
15 until the metal plug at the bottom of the hole is 

exposed, thereby selectively remaining the second 
insulating film on the rear side of the semiconductor 
substrate in the side of the bottom of the hole; and 
stacking the semiconductor substrate on another 
20 semiconductor substrate such that the exposed metal 

plug at the bottom of the semiconductor substrate 
connects with the exposed metal plug at the bottom of 
the hole of the another semiconductor substrate. 

15. The method according to claim 14, wherein the 
25 hole is formed prior to the formation of an inter- 

connection layer which, of interconnection layers to be 
formed above the semiconductor substrate, has the 
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lowest melting point. 

16. The method according to claim 14^ wherein the 
step of processing the rear side of the semiconductor 
substrate is performed after the semiconductor 

5 substrate has been cut out from a wafer. 

17. A semiconductor chip for use in a multichip 
semiconductor device comprising: 

a semiconductor substrate formed on a circuit 
components ; 

10 a first interlayer insulating film formed on the 

semiconductor substrate ; 

a second insulating film formed on a sidewall of a 
through hole that passes through the first insulating 
film and the semiconductor substrate; 
15 a metal plug that fills up the through hole; 

a second interlayer insulating film formed on the 
first interlayer insulating film; 

an interconnection layer formed on the metal plug; 
a plug formed on the interconnection layer; and 
20 a bump for electrically connecting the plug to 

another chip with a predetermined space . 

18. A method of forming a chip for use in a 
multichip semiconductor device according to claim 12, 
further comprising: 

2 5 processing a rear side of the semiconductor 

substrate to thereby expose the metal plug at the 
bottom of the hole after the filling the hole covered 
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with the first insulating film with the metal; and 

stacking the semiconductor substrate on another 
semiconductor substrate such that the exposed metal 
plug at the bottom of the hole of the semiconductor 
5 substrate connects with the exposed metal plug at the 

bottom of the hole of the another semiconductor 
substrate. 

19. The multichip semiconductor device according 
to claim 1, further comprising a dummy bump for 

10 connecting the one chip with the another chip. 

20. The chip according to claim 4, further 
comprising a dummy bump for connecting the chip having 
the connect plug with the another chip. 

21. The semiconductor chip according to claim 17, 
15 further comprising a dximmy bump for connecting the chip 

having the metal plug to the another chip. 

22. The multichip semiconductor device according 
to claim 1, wherein the connect plug has a plurality of 
metal grains . 

20 23. The chip according to claim 4, wherein the 

connect plug has a plurality of metal grains. 

24. The semiconductor chip according to claim 11, 
wherein the metal plug has a plurality of metal grains. 

25. A method of forming a multichip semiconductor 
25 device comprising: 

forming circuit components on a surface of 
semiconductor substrate ; 
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forming an interlayer insulating film over the 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
5 passes through the interlayer insulating film but not 

the semiconductor substrate ; 

foinning an insulating film on the sidewall and 
bottom of the hole to a thickness that does not fill up 
the hole; 

10 coating the entire surface of the semiconductor 

surface with a conductive paste; 

making fluid the conductive paste by means of heat 
treatment to bury the conductive paste in the hole 
covered with the insulating film; 
15 processing a rear side of the semiconductor 

substrate to expose the conductive paste at the bottom 
of the hole; and 

stacking the semiconductor substrate on another 
semiconductor substrate such that the exposed 
20 conductive paste at the bottom of the hole of the 

another semiconductor substrate. 

26. The method according to claim 9, further 
comprising: 

evaluating electrical characteristics of the 
25 multichip semiconductor device after stacking the 

another semiconductor substrate^ thereby finding a 
defective substrate of the multichip semiconductor 



device; and 

replacing the defective substrate found with a 
non-defective substrate - 

27. The method according to claim 14, further 
comprising: 

evaluating electrical characteristics of the 
multichip semiconductor device after stacking the 
another semiconductor substrate, thereby finding a 
defective substrate of the multichip semiconductor 
device; and 

replacing the defective substrate found with a 
non-defective substrate . 

28. The method according to claim 18, further 
comprising: 

evaluating electrical characteristics of the 
multichip semiconductor device after stacking the 
another semiconductor substrate, thereby finding a 
defective substrate of the multichip semiconductor 
device; and 

replacing the defective substrate found with a 
non-defective substrate . 

29. The method according to claim 25, further 
comprising: 

evaluating electrical characteristics of the 
multichip semiconductor device after stacking the 
another semiconductor substrate, thereby finding a 
defective substrate of the multichip semiconductor 
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device; and 

replacing the defective substrate found with a 
non-defective substrate . 

30. The device according to claim 1, wherein the 
5 bump is made of Au. 

31. The chip according to claim 4, wherein the 
bump is made of Au . 

32. The chip according to claim 17, wherein the 
bump is made of Au. 

10 33. The device according to claim 1, wherein the 

connect plug is formed so as to remain an unfilled 
region of the through hole. 

34. The device according to claim 1, wherein the 
connect plug is formed to protrude from the through 

15 hole. 

35. The chip according to claim 4, wherein the 
connect plug is formed so that the connect plug remains 
an unfilled region of the through hole. 

36. The chip according to claim 4, wherein the 
20 connect plug is formed to protrude from the through 

hole. 

37. The chip according to claim 17, wherein the 
connect plug is formed so that the connect plug remains 
an unfilled region of the through hole. 

25 38. The chip according to claim 17, wherein the 

connect plug is formed to protrude from the through 
hole. 
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39, A multichip semiconductor device having a 
stack of chips each having a semiconductor substrate 
which has a surface on which circuit components are 
formed and an interlayer insulating film formed on the 
surface of the semiconductor substrate, wherein at 
least one chip of the chips has a connect plug formed 
in a through hole which passes through the semi- 
conductor substrate and the interlayer insulating film, 
and the connect plug of the at least one chip is 
connected to another chip of the chips through a bump 
with a predetermined space. 

40. A method of forming a multichip semiconductor 
device compr is ing : 

forming circuit components on a surface of 
semiconductor substrate ; 

forming an interlayer insulating film over the 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
passes through the interlayer insulating film but not 
the semiconductor substrate; 

forming an insulating film on the sidewall and 
bottom of the hole to a thickness that does hot fill up 
the hole; 

filling the hole covered with the insulating film 
with a plurality of metal grains; and 

siliciding the plurality of the metal grains with 
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the insulating film to form a metal plug. 

41. A method of forming a chip for use in a 
multichip semiconductor device comprising: 

forming circuit components on a surface of 
5 semiconductor substrate; 

forming an interlayer insulating film over the 
surface of the semiconductor substrate; 

selectively etching the interlayer insulating film 
and the semiconductor substrate to form a hole that 
10 passes through the interlayer insulating film but not 

the semiconductor substrate; 

forming an insulating film on the sidewall and 
bottom of the hole to a thickness that does not fill up 
the hole; 

15 filling the hole covered with the insulating film 

with a metal to form a metal plug; and 

processing a rear side of the semiconductor 
substrate to thereby expose the metal plug at the 
bottom of the hole. 

20 42. The method according to claim 41, wherein the 

semiconductor substrate is fixed on one of another 
substrate and a tape while the processing the rear side 
of the semiconductor substrate, and the semiconductor 
substrate fixed on the one of the another substrate and 

25 the tape is removed from the one of the another 

substrate and the tape after the processing a rear side 
of the semiconductor substrate. 
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43. The method according to claim 41, wherein the 
hole is formed prior to the formation of an inter- 
connection layer which, of interconnection layers to be 
formed above the semiconductor substrate, has the 

5 lowest melting point. 

44. A multichip semiconductor device comprising: 
chips each having a semiconductor substrate on 

which devices are integrally formed; and 

a connecting substrate provided between adjacent 
10 two of said chips which are vertically arranged, 

wherein the vertically adjacent two chips are 
electrically connected via the connecting substrate, a 
through-hole is formed in at least one of the 
semiconductor substrates, and a conductive plug is 
15 formed in the through-hole and connected to the 

connecting substrate. 

45. The multichip semiconductor device according 
to claim 44, wherein a material of the connecting 
substrate has higher radiation properties than a 

20 material of each chip. 

46. The multichip semiconductor device according 
to claim 44, wherein said connecting substrate 
comprises : 

a connecting substrate body having the conductive 
25 pl^g formed in the through-hole passing through the 

connecting substrate ; and 

a high-thermal -conductivity member having a higher 
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thermal conductivity than the connecting substrate body. 

47. The multichip semiconductor device according 
to claim 46, wherein said high-thermal-conductivity 
member is a conductive plate formed within the 

5 connecting substrate body . 

48. The multichip semiconductor device according 
to claim 46, wherein said high-thermal-conductivity 
member is a radiation fin provided on a surface of the 
connecting substrate body . 

10 49. The multichip semiconductor device according 

to claim 44, wherein said connecting substrate is 
formed of an insulating material, and a capacitor is 
formed within the connecting substrate, the capacitor 
having a first capacitor electrode formed of a power 
15 line, a second capacitor electrode formed of a ground 

line, and a capacitor insulating film formed of the 
connecting substrate • 

50. A multichip semiconductor device comprising: 
chips each having a semiconductor substrate on 
2 0 which devices are integrally formed; and 

a connecting substrate provided between adjacent 
two of said chips which are vertically arranged, 

wherein a through-hole is formed in the connecting 
substrate, and a conductive plug is formed in the 
25 through-hole, 

the vertically adjacent two chips are electrically 
connected via the connecting substrate, and 
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the connecting substrate has higher radiation 
properties than the vertically adjacent two chips. 

51. The multichip semiconductor device according 
to claim 50, wherein a material of the connecting 

5 substrate has higher radiation properties than a 

material of each chip. 

52. The multichip semiconductor device according 
to claim 50, wherein said connecting substrate 
comprises : 

10 a connecting substrate body having the conductive 

plug formed in the through-hole passing through the 
connecting substrate; and 

a high-thermal-conductivity member having a higher 
thermal conductivity than the connecting substrate body. 

15 53. The multichip semiconductor device according 

to claim 52, wherein said high-thermal -conductivity 
member is a conductive plate formed within the 
connecting substrate body. 

54 . The multichip semiconductor device according 
20 to claim 52, wherein said high-thermal-conductivity 

member is a radiation fin provided on a surface of the 
connecting substrate body . 

55. The multichip semiconductor device according 
to claim 50, wherein said connecting substrate is 

25 formed of an insulating material, and a capacitor is 

formed within the connecting substrate, the capacitor 
having a first capacitor electrode formed of a power 
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line, a second capacitor electrode formed of a ground 
line, and a capacitor insulating film formed of the 
connecting substrate . 

56. A multichip semiconductor device comprising: 
5 chips each having a semiconductor substrate on 

which devices are integrally formed; and 

a connecting substrate provided between adjacent 

two of said chips which are vertically arranged, 

wherein a through-hole is formed in the connecting 
10 substrate, and a conductive plug is formed in the 

through-hole , 

each of the vertically adjacent two chips is 

electrically connected to the conductive plug via bumps, 

and 

15 the connecting substrate has heating units for 

heating the bumps • 

57. The multichip semiconductor device according 
to claim 56, wherein a wiring multilayer is formed in 
the connecting substrate. 

20 58. The multichip semiconductor device according 

to claim 56, wherein said connecting substrate is 
formed of an insulating material, and a capacitor is 
formed within the connecting substrate, the capacitor 
having a first capacitor electrode formed of a power 

25 line, a second capacitor electrode formed of a ground 

line, and a capacitor insulating film formed of the 
connecting substrate . 
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59. A multichip semiconductor device comprising: 
chips each having a semiconductor substrate on 

which devices are integrally formed; and 

a connecting substrate provided between adjacent 
5 two of said chips which are vertically arranged, 

wherein a through-hole is formed in the connecting 
substrate, and a conductive plug is formed in the 
through-hole , 

the vertically adjacent two chips are electrically 
10 connected to each other via the conductive plug, and 

the connecting substrate is formed of a material 
having a thermal expansivity substantially equal to a 
thermal expansivity of each semiconductor substrate. 

60. The multichip semiconductor device according 
15 to claim 59, wherein the connecting substrate has 

higher radiation properties than each chip. 

61. The multichip semiconductor device according 
to claim 59, wherein a difference between the thermal 
expansivity of the material of the connecting substrate 

20 and the thermal expansivity of the material of each 

semiconductor substrate is within ±5.0x10"^. 
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ABSTRACT OF THE DISCLOSURE 
A multichip semiconductor device is disclosed in 
which chips are stacked each of which comprises a 
semiconductor substrate formed on top with circuit 
5 components and an interlayer insulating film formed on 

the top of the semiconductor substrate. At least one 
of the chips has a connect plug of a metal formed in a 
through hole that passes through the semiconductor 
substrate and the interlayer insulating film. The chip 
10 with the connect plug is electrically connected with 

another chip by that connect plug. 
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